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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an output circuit for 
controlling a gray-scale capable of displaying a proper gray-scale to 
be used by a display and an output device, and to provide a method 
for testing the output circuit for controlling the gray- scale to be 
driven by current. 

SOLUTION: The output circuit for controlling the gray-scale 
comprises a lower side current mirror circuit 55, a lower side gray- 
scale control circuit 59, a higher side current mirror circuit 56, a 
higher side gray~scale control circuit 60, a current boost control 
circuit 61, and a selection pre-charge control circuit 62. Since the 
gray-scale control circuit for outputting a gray-scale signal is 
divided to high side and low side, the characteristic of an output 
current can be approximated to the y characteristic of a light 
emitting device. The dispersion of current in each output unit can 
be reduced by using a multistage current mirror. 



TESTING 




LEGAL STATUS 

[Date of request for examination] 26.12.2003 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



JP.2003-283267,A [CLAIMS] 



1/4 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. :Mc:f::fe shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A supply voltage feed zone, the 1st current feed zone, and the 1st supply voltage supply wiring connected 
to the above-mentioned supply voltage feed zone, The 1st MISFET which has the gate electrode which was 
interposed between the 2nd supply voltage supply wiring connected to the above-mentioned supply voltage feed 
zone, and the current feed zone of the above 1st and the above-mentioned supply voltage feed zone, and was 
connected to the above-mentioned supply voltage feed zone. The output-buffer section containing the 1st 
transistor connected to supply voltage supply wiring of the above 1st, Two or more gradation control sections which 
have a differential circuit containing the 2nd transistor which is connected to supply voltage supply wiring of the 
above 2nd, and constitutes a current mirror with the 1st transistor of the above. The output circuit for gradation 
control equipped with the bias supply line for controlling the current which is connected to the gate electrode of the 
1st above MISFET, and flows to the 1st transistor of the above, and the 2nd transistor of the above. 
[Claim 2] It is the output circuit for gradation control which has the gate electrode by which both the 1st transistor 
of the above and the 2nd transistor of the above were connected to the above-mentioned bias supply line in the 
output circuit for gradation control according to claim 1, and is characterized by a conductivity type being the same 
MISFET. 

[Claim 3] The current which flows the 1 st transistor of the above in the output circuit for gradation control 
according to claim 1 or 2 at the time of a drive is an output circuit for gradation control characterized by being 
larger than the current which flows the 2nd transistor of the above. 

[Claim 4] It is the output circuit for gradation control characterized by the above-mentioned gradation control 
section having further the voltage selection switch for supplying the electrical potential difference for gradation 
control to the above-mentioned output-buffer section in the output circuit for gradation control of any one 
publication among claims 1-3. 

[Claim 5] The above-mentioned differential circuit is an output circuit for gradation control characterized by having 
the operational amplifier by which the input section was connected to the above-mentioned voltage selection switch 
in the output circuit for gradation control according to claim 4, and the output section was connected to the above- 
mentioned output-buffer section. 

[Claim 6] In the output circuit for gradation control according to claim 1 to 5 The 2nd current feed zone. It connects 
with the current feed zone of the above 2nd, and supply voltage supply wiring of the above 1st. It is the output 
circuit for gradation control which is further equipped with the 1st above MISFET and the MISFET for inclination 
bias with the same conductivity type, and is characterized by connecting the gate electrode of the above-mentioned 
MISFET for inclination bias to supply voltage supply wiring of the above 1st. and the above-mentioned bias supply 
line. 

[Claim 7] It is the output circuit for gradation control characterized by being the sink side current mirror which it 
connected with the above-mentioned supply voltage feed zone, and had further the 2nd MISFET which constitutes 
an informer side current mirror with the 1st above MISFET in the output circuit for gradation control according to 
claim 6, and the current feed zone of the above 2nd was connected to the above-mentioned informer side current 
mirror, and consisted of MISFET(s) of the same conductivity type. 

[Claim 8] A supply voltage feed zone, the 1st current feed zone, and supply voltage supply wiring connected to the 
above-mentioned supply voltage feed zone. The 1st MISFET which has the gate electrode which was interposed 
between the current feed zone of the above 1st and the above-mentioned supply voltage feed zone, and was 
connected to the above-mentioned supply voltage feed zone. Two or more gradation control sections which have 
the transistor connected to the above-mentioned supply voltage supply wiring. It connects with the 2nd current 
feed zone, the current feed zone of the above 2nd, and the above-mentioned supply voltage supply wiring. The 1st 
above MISFET and the MISFET for inclination bias with the same conductivity type. The output circuit for gradation 
control equipped with the bias supply line for controlling the current which connects between the gate electrode of 
the 1st above MISFET. and the gate electrodes of the above-mentioned MISFET for inclination bias, and is 
connected to the above-mentioned supply voltage supply wiring, and flows to the above-mentioned transistor. 
[Claim 9] It is the output circuit for gradation control characterized by being MISFET which has the gate electrode 
by which the above-mentioned transistor was connected to the above-mentioned bias supply line in the output 
circuit for gradation control according to claim 8. 

[Claim 10] It is the output circuit for gradation control characterized by being the sink side current mirror which it 
connected with the above-mentioned supply voltage feed zone, and had further the 2nd MISFET which constitutes 



JP.2003-283267.A [CLAIMS] 



2/4 ^— V 



an Informer side current mirror with the 1st above MISFET in the output circuit for gradation control according to 
claim 8 or 9. and the current feed zone of the above 2nd was connected to the above-mentioned informer side 
current mirror, and consisted of MISFET(s) of the same conductivity type. 

[Claim 11] It is the output circuit for gradation control characterized by two or more above-mentioned gradation 
control sections being the D/A converters of a current addition mold in the output circuit for gradation control 
according to claim 8 to 10. 

[Claim 12] In the output circuit for gradation control according to claim 8 to 11 two or more above-mentioned 
gradation control sections Two or more current mirror sections mutually connected to juxtaposition to the above- 
mentioned supply voltage supply node for expressing M gradation, It Is the output circuit for gradation control which 
has the current-output section connected to the selecting switch of the same number connected to the above- 
mentioned current mirror section, and the selecting switch of all above, and is characterized by the above- 
mentioned current mirror section consisting of current mirrors which consist of the above-mentioned transistor. 
[Claim 13] the output circuit for gradation control where the above-mentioned current mirror section is 
characterized by 1,2, — , consisting of M/2 current mirrors which have the same component configuration mutually, 
respectively in order to control M gradation in the output circuit for gradation control according to claim 12. 
[Claim 14] It is the output circuit for gradation control characterized by being adjusted by the ratio [ as opposed 
to / in order to be MISFET in which the above-mentioned transistor has the same component configuration 
mutually in the output circuit for gradation control according to claim 12 and to control M gradation / the gate 
length of the gate width of Above MISFET In the output current from each above-mentioned current mirror 
section ]. 

[Claim 15] It is the output circuit for gradation control which the above-mentioned gradation control section has 
two or more gradation generation sections which have the selecting switch which has the current mirror section, 
and the transfer gate and the inverter of the same number connected to the above-mentioned current mirror 
section in the output circuit of any one publication for gradation control among claims 11-14, and is characterized 
by to be hardened and arranged the above-mentioned current mirror section and the above-mentioned selecting 
switch for every above-mentioned gradation generation section. 

[Claim . 16] It is the output circuit for gradation control characterized by for both the above-mentioned transistors 
having the same conductivity type, and being the 1 st transistor and 2nd transistor which constitute a current mirror, 
and the above-mentioned gradation control section having the output-buffer section which has the 1st transistor of 
the above, and the differential circuit which has the 2nd transistor of the above in the output circuit for gradation 
control according to claim 8 to 10. 

[Claim 17] The current which flows the 1st transistor of the above in the output circuit for gradation control 
according to claim 1 6 at the time of a drive is an output circuit for gradation control characterized by being larger 
than the current which flows the 2nd transistor of the above. 

[Claim 18] It is the output circuit for gradation control characterized by having further the voltage selection switch 
for the above-mentioned gradation control section supplying the electrical potential difference for gradation control 
to the above-mentioned output-buffer section in the output circuit for gradation control according to claim 1 6 or 
17. 

[Claim 1 9] The above-mentioned differential circuit is an output circuit for gradation control characterized by having 
the operational amplifier by which the input section was connected to the above-mentioned voltage selection switch 
in the output circuit for gradation control according to claim 18. and the output section was connected to the 
above-mentioned output-buffer section. 

[Claim 20] The output circuit for gradation control equipped with two or more gradation control sections for 
outputting a mutually different current for gradation control in response to reference voltage and a gradation signal 
from each of two or more multistage type current mirror sections to which a current equal to the current which 
consists of two or more current mirrors, and flows the current mirror of the 1st step flows to three or more steps of 
each current mirror, and two or more above-mentioned multistage type current mirror sections. 
[Claim 21] The output circuit for gradation control equipped with the output-control section for changing the 
combination of the above-mentioned current for gradation control outputted according to the above-mentioned 
gradation signal in the output circuit for gradation control according to claim 20 while receiving the current for 
gradation control from two or more above-mentioned gradation control sections. 

[Claim 22] In the output circuit for gradation control according to claim 20 or 21 two or more above-mentioned 
gradation control sections The gradation of the lowest range among two or more above-mentioned gradation control 
sections A controllable low side gradation control section, Gradation higher than the above-mentioned low side 
gradation control section is divided into a controllable high side gradation control section. Two or more above- 
mentioned multistage type current mirror sections The output circuit for gradation control characterized by being 
divided into the low side multistage type current mirror section connected to the above-mentioned low side 
gradation control section, and the high side multistage type current mirror section connected to the above- 
mentioned high side gradation control section. 

[Claim 23] In the output circuit for gradation control according to claim 22 the above-mentioned output-control 
section When only the above-mentioned current for gradation control from the above-mentioned low side gradation 
control section is outputted when the number of gradation Is below a predetermined value, and the number of 
gradation exceeds a predetermined value The output circuit for gradation control characterized by controlling to 
output the above-mentioned current for gradation control from the above-mentioned high side gradation control 
section in addition to the above-mentioned current for gradation control from the above-mentioned low side 
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gradation control section. 

[Claim 24] The output circuit for gradation control characterized by red, green, the above-mentioned low side 
multistage type current mirror section of blue 3 classification by color, the above-mentioned high side multistage 
type current mirror section, the above-mentioned low side gradation control section, and the above-mentioned high 
side gradation control section being integrated by the same chip at least in the output circuit for gradation control 
according to claim 22 or 23; 

[Claim 25] While adjoining mutually [ the above-mentioned low side multistage type current mirror section and the 
above-mentioned high side multistage type current mirror section ] 1 set at a time and being arranged in the output 
circuit for gradation control according to claim 24 It is arranged at a predetermined color order at a line writing 
direction. The above-mentioned low side gradation control section, the above-mentioned high side gradation control 
section, and the above-mentioned output-control section it arranges on a matrix mostly — having — above- 
mentioned low side multistage type current mirror section and above-mentioned yes — 1 of the side multistage 
type current mirror section — above-mentioned low side gradation control-section [ which was connected for 
constructing ], and above-mentioned yes — the output circuit for gradation control characterized by for a side 
gradation control section and the above-mentioned output-control section hardening, and arranging them. 
[Claim 26] It is the output circuit for gradation control which the above-mentioned gradation control section has 
two or more gradation generation sections which have the selecting switch which has the current mirror section, 
and the transfer gate and the inverter of the same number connected to the above-mentioned current mirror 
section in the output circuit of any one publication for gradation control among claims 20-25. and is characterized 
by to be hardened and arranged the above-mentioned current mirror section and the above-mentioned selecting 
switch for every above-mentioned gradation generation section. 

[Claim 27] the inside of claims 22-26 — the output circuit for gradation control of any one publication — setting — 
piling control signal and above-mentioned yes — the reference voltage supplied from a side multistage type current 
mirror — winning popularity — output current [ from the above-mentioned low side gradation control section ], and 
above-mentioned yes — the output circuit for gradation control characterized by to prepare further the current 
piling control circuit for outputting the current which carries out piling of the output current from a side gradation 
control section to the above-mentioned output-control section. 

[Claim 28] The output circuit for gradation control characterized by preparing further the current piling control 
circuit for outputting the current which carries out piling of the output current of the above-mentioned low side 
gradation control section between the above-mentioned low side multistage type current mirror section and the 
above-mentioned low side gradation control section in the output circuit for gradation control of any one publication 
among claims 22-26. 

[Claim 29] It is the output circuit for gradation control characterized by having the function which fluctuates the 
current outputted according to the gradation which controls the above-mentioned current piling control circuit in 
the output circuit for gradation control according to claim 28. 

[Claim 30] It is the output circuit for gradation control characterized by the above-mentioned output-control circuit 
having further the selection precharge circuit for supplying the electrical potential difference which charges an 
external signal line by switching control, and the selection precharge control circuit for turning ON the fixed period 
above-mentioned selection precharge circuit by the timing control according to an indicative data in the output 
circuit for gradation control of any one publication among claims 21-29. 

[Claim 31] The output circuit for gradation control characterized by to have the resistor for transforming a current 
signal into a voltage signal which it integrated on the semiconductor chip, and was prepared the internal circuitry 
which has the output section for outputting a current sigTial, and on the above-mentioned semiconductor chip, was 
prepared on the external terminal connected at the above-mentioned output section, and the above-mentioned 
semiconductor chip, and was connected to the above-mentioned output section. 

[Claim 32] In the output circuit for gradation control according to claim 31, it has further the switching circuit 
connected to the above-mentioned resistor. The above-mentioned switching circuit At the time of normal operation 
and powering off, it connects so that the above-mentioned resistor may be mutually connected with the above- 
mentioned internal circuitry to the above-mentioned external terminal at a serial. At the time of inspection The 
output circuit for gradation control characterized by changing so that the above-mentioned resistor and the above- 
mentioned external terminal may be arranged in parallel to the above-mentioned output section and it may connect, 
while connecting the above-mentioned resistor to touch-down. 

[Claim 33] It is the output circuit for gradation control characterized by having the gradation control section for the 
above-mentioned internal circuitry outputting the current for gradation control in response to the reference voltage 
from the multistage type current mirror section and the above-mentioned multistage type current mirror section in 
the output circuit for gradation control according to claim 31 or 32. 

[Claim 34] Two or more gradation control sections which have two or more bit eels, and the latch circuit for normal 
operation prepared for every above-mentioned bit cel. It is prepared between the common latch circuit for supplying 
a signal to all the above-mentioned bit eels, the above-mentioned common latch circuit and the above-mentioned 
latch circuit for normal operation, and the above-mentioned bit cel. The output circuit for gradation control equipped 
with the selection circuitry for changing so that the signal from the above-mentioned latch circuit for normal 
operation may be transmitted to the above-mentioned bit eel at the time of normal operation and the signal 
outputted from the above-mentioned common latch circuit may be transmitted to the above-mentioned bit eel at 
the time of inspection. 

[Claim 35] The output circuit for gradation control characterized by preparing further the multistage type current 
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mirror section for supplying reference voltage to two or more above-mentioned gradation control sections in the 
output circuit for gradation control according to claim 34. 

[Claim 36] The probe which consists of a conductor for a top face being prepared on the inferior surface of tongue 
of the substrate which can be installed in the circuit tester of wafer checking, and the above-mentioned substrate, 
and receiving the current signal from an inspected wafer at least. Test equipment of the output circuit for gradation 
control equipped with wiring prepared by connecting with the resistor and the above-mentioned resistor for 
approaching the above-mentioned probe, being arranged on the above-mentioned substrate, connecting with the 
above-mentioned probe, and transforming the above-mentioned current signal into a voltage signal, and penetrating 
the above-mentioned substrate. 

[Claim 37] Test equipment of the output circuit for gradation control characterized by the distance between the 
above-mentioned probe and the above-mentioned resistor being 10cm or less in the test equipment of the output 
circuit for gradation control according to claim 36. 

[Claim 38] Test equipment of the output circuit for gradation control characterized by having further the operational 
amplifier by which connected with the above-mentioned resistor and juxtaposition to the above-mentioned probe, 
and the output section was connected to the negative side input section through the above-mentioned resistor in 
the test equipment of the output circuit for gradation control according to claim 36 or 37. 

[Claim 39] Test equipment of the output circuit for gradation control characterized by inputting into the forward 
side input section of the above-mentioned operational amplifier the reference voltage outputted by the above- 
mentioned circuit tester in the test equipment of the output circuit for gradation control according to claim 38. 
[Claim 40] It is test equipment of the output circuit for gradation control characterized by integrating the above- 
mentioned resistor in the test equipment of the output circuit for gradation control of any one publication among 
claims 36-39. 

[Claim 41] It is test equipment of the output circuit for gradation control characterized by integrating the above- 
mentioned operational amplifier in the test equipment of the output circuit for gradation control of any one 
publication among claims 38-40. 

[Claim 42] It connects with the source of reference current connected to the 1 st resistor mutually connected to 
juxtaposition, and the above-mentioned source of reference current. It is the inspection approach of the output . 
circuit for gradation control equipped with the gradation control section for outputting the current for gradation 
control. At the time of inspection The inspection approach of the output circuit for gradation control which is 
established in the 1st resistor of the above, and juxtaposition, connects the 2nd resistor with resistance lower than 
the 1st resistor of the above to the above-mentioned source of reference current, and is characterized by turning 
OFF connection between the 2nd resistor of the above, and the above-mentioned source of reference current at 
the time of normal operation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] ^ . 

[Field of the Invention] This invention relates to the inspection approach of the driver IC which performs gradation 
control especially with a current or an electrical potential difference and its checking equipment, and a driver IC 
about the gradation control output circuit used for a display and an output unit. 
[0002] 

[Description of the Prior Art] An image is displayed by arranging many pixels in in the shape of a matrix, and 
generally, controlling luminous intensity by the image display device of a active-matrix mold for every pixel according 
to the given brightness information. Therefore, a rectangle-like display panel is arranged in the shape of a matrix, 
and has TFT (Thin-Film-Trahsistor) which controls liquid crystal or an optical state of matter, the data-line drive 
circuit prepared along the vertical side of a panel, and the gate line drive circuit established in the side edge section 
of a panel, for example. 

[0003] Conventionally, what used liquid crystal as optical matter in image display devices, such as a display panel, 
was in use. In these image display devices, the liquid crystal drive circuit (liquid crystal driver) supplied display 
information to each pixel in the form of an electrical potential difference, and the permeability of a pixel was 
changed according to this display information. 

[0004] On the other hand, the proposal of the image display device using organic electroluminescence (Electro 
Luminescence) as a light emitting device is active in recent years. Since, as for organic electroluminescence, itself 
emits light unlike liquid crystal, the display panel using this has the advantage that a back light becomes 
unnecessary, the top where visibility is high. The organic electroluminescence used for a display panel has the 
function of diode, and light is emitted by the ability of a current to be given. There are two drive methods in this 
organic EL panel. 

[0005] Drawing 24 is drawing for explaining the drive method of an organic EL panel. 

[0006] As shown in this drawing, the 1st drive method of an organic EL panel is an electrical-potential-difference 
write-in method. This is the driver for an electrical-potential-difference drive to the electrical potential difference 
VO. It is the method with which an indicative data is supplied to TFT (low Pori pixel Tr) in a form. Electrical potential 
difference VO The charge which responded and was accumulated in loads, such as a capacitor, charges or 
discharges, and, thereby, it is a current 10. It flows to organic electroluminescence diode. Although this drive method 
has the advantage that the existing liquid crystal driver IC technique can be used, since electrical-potential- 
difference supply is unstable, it has the technical problem that it is difficult to compensate the property 
nonuniformity of TFT which consists of low-temperature polish recon. 

[0007] The 2nd drive method of an organic EL panel is a current write-in method. This approach is the approach of 
controlling a gradation display by changing the amount of current drawing in from a panel. TFT which consists of 
low-temperature polish recon on a panel is the current 10 which constituted the current mirror and was drawn in the 
signal line from the panel. An equal current flows to TFT. According to this approach, property dispersion of TFT 
can be compensated and high definition-ization of an organic EL panel can be realized. 

[0008] The pixel of three colors of R (red). G (green), and B (blue) is arranged, and when it is a current write-in 
method, and the brightness of a pixel changes according to the current from the driver for a current drive, the 
gradation display of the brightness of a pixel is attained at the organic EL panel in which color display is possible. 
[0009] Drawing 25 (a) and (b) are the circuit diagram showing the configuration of the conventional driver for an 
electrical-potential-difference drive for carrying out the electrical-potential-difference drive of the indicating 
equipment which realizes an above-mentioned gradation display, respectively, and drawing showing the relation 
between the power-source potential in a supply voltage supply line, and the distance from a supply voltage feed 
zone. 

[0010] As shown in this drawing (a), the conventional driver for an electrical-potential-difference drive (output 
circuit for gradation control) The supply voltage feed zone 1112 and the gradation control sections 1 101a, 1 101b. — . 
1 101 N (N is the natural number) which are connected to the supply voltage feed zone 1112, and have the output 
section 1116, 1 st MISFET1 1 1 1 which is the P channel mold MISFET to which it was interposed between the current 
feed zone 1110 connected to touch-down, and the supply voltage feed zone 1112 and the current feed zone 1110, 
and the drain arid the gate electrode of each other were connected. The 1st node 1118 prepared between 1st 
MISFET1 11 1 and the supply voltage feed zone 1112. The gate bias supply line 1115 connected to the gate electrode 
of 1st MISFET1 111, The supply voltage supply wiring 1 121 for connecting with the 1st node 1118 and supplying 
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supply voltage to each gradation control section, It is prepared on the supply voltage supply wiring 11 21. and they 
are the gradation control sections 11 01 a. 1101b. — 1101N. The supply voltage supply node 1117 connected, 
respectively. It has the resistor 1113 interposed between each supply voltage supply node 1117 and between the 
supply voltage supply node 1 1 17 and the 1st node 1118. Here, although the example equipped with the gradation 
control section of N individual is shown, generally one output circuit for gradation control is equipped with about 
400-500 gradation control sections in many cases. 

[0011] Moreover, current Miller circuit is used for the gradation control sections 1101a. 1 101b, — . 1101 N in the 
conventional output circuit for gradation control. 

[0012] As shown in drawing 25 (a), namely, gradation control-section 1 101a while the source of each other was 
connected, it connected with the supply voltage supply node 1117 — both with 2nd MISFET1102a of a P channel 
mold, and 3rd MISFETllOSa Voltage selection switch 1120a and operational amplifier 1106a by which voltage 
selection switch 1120a was connected to the (+) side, and the output section 1116 was connected to the (-) side. 
[ of the input section ] Output side transistor 1 105a whose source is the N channel mold MISFET by which the drain 
was connected to 3rd MISFET1 103a and the gate electrode was connected to touch-down at the output section of 
operational amplifier 1106a, respectively, 1st node 1114a which was interposed between output side transistor 
1105a and 3rd MISFETllOSa, and was connected to the output section 1116. Gate inter-electrode and output side 
transistor 1 1 0Sa of the output section-output side transistor of operational amplifier 1 1 06a - It has capacitor 1119a 
for oscillation prevention prepared between wiring which connects between the 2nd node. Moreover, the 2nd 
MISFET1102a and operational amplifier 1106a constitute differential-circuit 1107a, and 3rd MISFET1103a. the 1st 
node 1114, capacitor 1119for oscillation prevention a. and output side transistor 1105a constitute output-buffer 
section 1108a. Here, electrical characteristics are arranged mutually, and the mutual gate electrode is connected to 
the gate bias supply line 1115, and 2nd MISFET1 102a and 3rd MISFET1 103a constitute [ in / both / the 
conventional gradation control-section 1101a ] current Miller circuit. And since a load is driven, it is designed so 
that the direction of the current 12 which flows 3rd MISFET1103a may become larger than the current II which 
flows 2nd MISFET1 102a. 

[0013] Moreover, it sets to the conventional output circuit for gradation control, and they are the gradation control 
sections 1101a, 1101b. — , 1101N of N individual. It has the respectively same circuitry as above-mentioned 
gradation control-section 1101a. And the 2nd MISFET 1102a. 1 102b. — . 1102N and MISFET [ 3rd /a / 1103 /.b / 
1 103 /. — . 1 103N ] gate electrode is connected to the gate bias supply line 1115, respectively. As shown in drawing 
25 (b), the equal electrical potential difference is mutually impressed so that this MISFET may be turned on from the 
gate bias supply line 1 1 1 5 to the gate electrode of these MISFET(s). 

[0014] Moreover, in the conventional output circuit for gradation control, the multiplexer which can choose two or 
more reference voltages as a voltage selection switch according to digital data is used. Current amplification of the 
electrical potential difference chosen here is carried out with an operational amplifier, and it is outputted to the 
panel using liquid crystal or organic electroluminescence. 

[0015] In addition, the output circuits for gradation control for the conventional current drive used for the organic 
EL panel of a current write-in method are the gradation control sections 1 101a and 1 101b of the output circuit for 
gradation control shown in drawing 25 . — The structure which replaced 1 101 Ns with the D/A converter of a 
current addition mold is taken. From this D/A converter, the current of the magnitude according to gradation data is 
supplied to TFT and a pixel, and enables the gradation display by the organic EL panel. 

[0016] In addition, such an output circuit for gradation control for a current drive can be used also as a head of 
output units, such as a printer, only as a driver for organic EL panels. In addition, it can use also as the driver for 
indicating equipments and the head for printers not only using organic electroluminescence but inorganic [ EL or 
LED ] (Light Emitting Diode). 

[0017] Next the inspection approach of the output circuit for gradation control for the conventional current drive is 
explained. 

[0018] Drawing 26 (a) and (b) are the sectional view showing the conventional probe card for inspecting the output 
circuit for gradation control for a current drive, respectively, and the block circuit diagram showing the cross section 
of the conventional probe card. 

[0019] As shown in this drawing (a), it connects with the semi-conductor circuit tester s 1 152 head 1 153 by the 
top-face side, and inspection of the output circuit for gradation control for the conventional current drive is 
conducted by laying the probe card 1 156 which has the probe 1 1 55 which becomes an inferior surface of tongue 
from a conductor on the inspected wafer 1151 with which it was prepared in these a majority of drivers for a current 
drive. 

[0020] As shown in drawing 26 (b). specifically, inspection is performed by detecting a sink and the current 
outputted by the checking bump after that for the semi-conductor circuit tester s 1 152 head 1153 to a checking 
current, where the checking pad 1154 (or bump) and probe 1 156 which were formed on the wafer are contacted. 
[0021] Since many of organic electroluminescence diodes show the highest brightness when the current supplied is 
below ImicroA. when it has 6-bit gradation (64 gradation) in an organic EL panel, the current per 1 gradation 
becomes 10 - 26nA extent. Therefore, the semi-conductor circuit tester 1 152 can detect now the current of 10 - 
20nA extent. The semi-conductor circuit tester used here, the connection jig of a probe card, and a semi-conductor 
circuit tester and a probe card. etc. are the same as that of what is used for a general wafer inspection. 
[0022] 

[Problem(s) to be Solved by the Invention] First, since the same gradation control section was connected to the 
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supply voltage supply wiring 1 121 of one in the conventional driver for an electrical-potential-drfference drive, by 
the supply voltage supply node 1117 in a location distant from the supply voltage feed zone 1112. the electrical 
potential difference supplied was descending by existence of a resistor 1113 etc., so that drawing 25 (b) might show. 
On the other hand, the potential of the gate bias supply line 1115 does not call at a location, but since it is fixed, the 
electrical potential difference VGS built between the gate-sources of 2nd MISFET1102 and 3rd MISFET1103 will 
vary with the distance from the supply voltage feed zone 1112. 

[0023] On the other hand, the capacitor for oscillation prevention of the output-buffer section is charged according 
to the output current (output from an operational amplifier) of a differential circuit. Since there are generally few 
currents which flow a differential-circuit side than an output-buffer side, the die length of the charging time of the 
capacitor for oscillation prevention is influenced by the current which flows to a differential circuit Moreover, when 
the supply voltage supplied to each differential circuit varies, it is a current II. Magnitude varies. Therefore, in the 
output circuit for gradation control for the conventional electrical-potential-difference drive, when the supply 
voltage supplied to each differential circuit varied, also in the magnitude of the current distributed to a differential 
circuit the charging tinne of dispersion and the capacitor for oscillation prevention varied. Consequently, in the 
output circuit for gradation control for the conventional electrical-potential-difference drive, the current to which 
the slew rate of an operational amplifier is outputted from dispersion and the output section by the distance from 
the supply voltage feed zone 1112 had also varied. 

[0024] Therefore, when the output circuit for gradation control for the conventional electrical-potential-difference 
drive was used for liquid crystal or an organic EL panel, the fault of nonuniformity appearing in the display of a 
screen had happened. Moreover, when the output circuit for gradation control for the conventional electrical- 
potential-difference drive was used as a printer head, printing nonuniformity might arise. 

[0025] In addition, the fault by the voltage drop of such supply voltage supply wiring is seen also in the output 
circuit for gradation control for the conventional current drive which has a configuration similar to the output circuit 
for gradation control for an electrical-potential-difference drive. 

[0026] In the output circuit for gradation control for the conventional current drive, a current is directly distributed 
to the 176 output sections using a current mirror from one current source. Although inputted into the gradation 
control section of the above [ one ] of this output current there were this output current and fault of varying for 
every output section. 

[0027] On the other hand, since the current value to detect was as minute as 10-20nA in the inspection approach 
of the output circuit for gradation control for the conventional current drive, there was fault that a detecting signal 
will deteriorate between the inspected wafer 1151 and the semi-conductor circuit tester 1 152. This is for a 
detecting signal to spread via a probe card 1 151. the connection wiring 1 158, a jig, etc. For this reason, it was 
difficult to inspect the output circuit for gradation control in sufficient precision. 

[0028] The purpose of this invention is used for a display or an output unit and is to offer the means for inspecting 
offering the output circuit for gradation control which realizes a good gradation display, and the output circuit for 
gradation control for a current drive. 
[0029] 

[Means for Solving the Problem] The 1st output circuit for gradation control of this Invention A supply voltage feed 
zone and the 1st current feed zone. The 1st supply voltage supply wiring connected to the above-mentioned supply 
voltage feed zone, and the 2nd supply voltage supply wiring connected to the above-mentioned supply voltage feed 
zone. The 1st MISFET which has the gate electrode which was interposed between the current feed zone of the 
above 1st and the above-mentioned supply voltage feed zone, and was connected to the above-mentioned supply 
voltage feed zone, The output-buffer section containing the 1st transistor connected to supply voltage supply wiring 
of the above 1 st Two or more gradation control sections which have a differential circuit containing the 2nd 
transistor which is connected to supply voltage supply wiring of the above 2nd. and constitutes a current mirror with 
the 1st transistor of the above, it connected with the gate electrode of the 1st above MISFET, and has the bias 
supply line for controlling the current which flows to the 1st transistor of the above, and the 2nd transistor of the 
above. 

[0030] By this configuration, since wiring for supplying supply voltage to each of a differential circuit and the 
output-buffer section is prepared according to the individual, the voltage drop produced within the 1st supply 
voltage supply wiring and the 2nd supply voltage supply wiring can be made small compared with the case where 
supply voltage supply wiring is not divided. Therefore, dispersion in the electrical potential difference between the 
gate-sources of the 1 st transistor produced according to the difference of the distance from a supply voltage feed 
zone and the 2nd transistor or the electrical potential difference between gate-drains can be suppressed. 
Consequently, since dispersion in the current which flows each differential circuit is also suppressed while 
dispersion in the current which flows each output-buffer section is suppressed, dispersion in the current outputted 
from each output section of a gradation control section is also suppressed. Therefore, by using the output circuit for 
gradation control of this invention for a display, the display nonuniformity in a panel can be reduced and the printing 
nonuniformity of a printer can be stopped by using for the head of a printer etc. 

[0031] Both the 1st transistor of the above and the 2nd transistor of the above may have the gate electrode 
connected to the above-mentioned bias supply line, and may be the MISFET with the same conductivity type, 
[0032] That the current which flows the 1 st transistor of the above at the time of a drive is larger than the current 
which flows the 2nd transistor of the above enables it to drive large loads, such as a panel of a display, effectively. 
[0033] The output circuit for gradation control of this invention is preferably used for the display which takes 
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electrical-potential-difference drive methods including a liquid crystal panel, or an output unit by having further the 
voltage selection switch for the above-mentioned gradation control section supplying the electrical potential 
difference for gradation control to the above-mentioned output-buffer section. 

[0034] The input section is connected to the above-mentioned voltage selection switch, and the above-mentioned 
differential circuit can make the current of the voltage signal chosen by the having-operational amplifier by which 
the output section was connected to the above-mentioned output-buffer section voltage selection switch amplify. 
[0035] It connects with the 2nd current feed zone, the current feed zone of the above 2nd. and supply voltage 
supply wiring of the above 1st. It has further the 1st above MISFET and the MISFET for inclination bias with the 
same conductivity type. The gate electrode of the above-mentioned MISFET for inclination bias By connecting with 
supply voltage supply wiring of the above 1st, and the above-mentioned bias supply line Since it becomes possible 
to double the inclination of the potential in a bias supply line with the voltage drop in the 1st supply voltage supply 
wiring and the 2nd supply voltage supply wiring It becomes possible to suppress more effectively dispersion in the 
electrical potential difference between the gate-sources in the 1 st transistor and 2nd transistor, or the electrical 
potential difference between gate-drains. Consequently, dispersion in the current outputted from a gradation control 
section can be reduced sharply. 

[0036] It connects with the above-mentioned supply voltage feed zone, and has further the 2nd MISFET which 
constitutes an informer side current mirror with the 1st above MISFET. The current feed zone of the above 2nd By 
being the sink side current mirror which was connected to the above-mentioned informer side current mirror, and 
consisted of MISFET(s) of the same conductivity type Even when a sink side current mirror is in the location distant 
from the supply voltage feed zone, a current equal to the current which flows an informer side current mirror can be 
passed to a sink side current mirror. 

[0037] The 2nd output circuit for gradation control of this invention A supply voltage feed zone and the 1st current 
feed zone. The 1st MISFET which has the gate electrode which was interposed between supply voltage supply wiring 
connected to the above-mentioned supply voltage feed zone, and the current feed zone of the above 1st and the 
above-mentioned supply voltage feed zone, and was connected to the above-mentioned supply voltage feed zone. 
Two or more gradation control sections which have the transistor connected to the above-mentioned supply voltage 
supply wiring. It connects with the 2nd current feed zone, the current feed zone of the above 2nd, and the above- 
mentioned supply voltage supply wiring. The 1st above MISFET and the MISFET for inclination bias with the same 
conductivity type. Between the gate electrode of the 1 st above MISFET and the gate electrodes of the above- 
mentioned MISFET for inclination bias was connected, and it connected with the above-mentioned supply voltage 
supply wiring, and has the bias supply line for controlling the current which flows to the above-mentioned transistor. 

[0038] Dispersion in the current which flows the transistor of a gradation control section can be suppressed without 
dividing supply voltage supply wiring, since it becomes possible to double the Inclination of the potential in a bias 
supply line with the voltage drop in supply voltage supply wiring by this. Moreover, since supply voltage supply wiring 
is collected by one, wiring area can also be reduced compared with the case where supply voltage supply wiring is 
divided. 

[0039] The above-mentioned transistor can suppress dispersion in the output current from a gradation control 
section with a more sufficient precision by being MISFET which has the gate electrode connected to the above- 
mentioned bias supply line. 

[0040] It connects with the above-mentioned supply voltage feed zone, and has further the 2nd MISFET which 
constitutes an informer side current mirror with the 1 st above MISFET. The current feed zone of the above 2nd By 
being the sink side current mirror which was connected to the above-mentioned informer side current mirror, and 
consisted of MISFET(s) of the same conductivity type Even when a sink side current mirror is in the location distant 
from the supply voltage feed zone, a current equal to the current which flows an informer side current mirror can be 
passed to a sink side current mirror. That is, it becomes possible to supply a fixed current, without receiving the 
effect of a voltage drop in the gradation control section in the location distant from the supply voltage feed zone. 
For this reason, dispersion by the output section of a gradation control section can be reduced further. 
[0041] When two or more above-mentioned gradation control sections are the D/A converters of a current addition 
mold, the output circuit for gradation control of this invention can be used as a printer head of output units, such as 
a driver for a current drive of the indicating equipment which used light emitting devices, such as an organic EL 
panel, and a printer using a light emitting device. 

[0042] Two or more current mirror sections mutually connected to juxtaposition to the above-mentioned supply 
voltage supply node for two or more above-mentioned gradation control sections to express M gradation. It has the 
current-output section connected to the selecting switch of the same number connected to the above-mentioned 
current mirror section, and the selecting switch of all above. The above-mentioned current mirror section By 
consisting of current mirrors which consist of the above-mentioned transistor, the output circuit for gradation 
control used for the display and output unit of a current drive method is producible with a comparatively simple 
configuration. 

[0043] In order to control M gradation, the above-mentioned current mirror section can realize an accurate current 
addition mold D/A converter 1, 2. — . by consisting of M/2 current mirrors which have the same component 
configuration mutually, respectively. That is. the output circuit for gradation control which realizes a good gradation 
display is realizable. 

[0044] The above-mentioned transistor is MISFET which has the same component configuration mutually, and In 
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order to control M gradation, the output current from each above-mentioned current mirror section may be adjusted 
by the ratio to the gate length of the gate width of Above MISFET. 

[0045] The above-mentioned gradation control section has two or more gradation generation sections which have 
the selecting switch which has the current mirror section, and the transfer gate and the inverter of the same 
number which were connected to the above-mentioned current mirror section, and the above-mentioned current 
mirror section and the above-mentioned selecting switch can attain area saving of the output circuit for gradation 
control of this invention which realizes a good gradation display by being hardened and arranged for every above- 
mentioned gradation generation section. 

[0046] Both the above-mentioned transistors have the same conductivity type, it is the 1st transistor and 2nd 
transistor which constitute a current mirror, and the above-mentioned gradation control section may have the 
output-buffer section which has the 1st transistor of the above, and the differential circuit which has the 2nd 
transistor of the above. Especially this configuration is preferably adopted, when used as a driver for an electrical- 
potential-difference drive. 

[0047] As for the current which flows the 1st transistor of the above at the time of a drive, it is desirable that it is 
larger than the current which flows the 2nd transistor of the above, when driving loads, such as a panel. 
[0048] The above-mentioned gradation control section is preferably used as a head for printers of the driver for an 
electrical-potential-difference drive by which dispersion in the output current was reduced, or an electrical- 
potential-difference drive method by having further the voltage selection switch for supplying the electrical potential 
difference for gradation control to the above-mentioned output-buffer section. 

[0049] The above-mentioned differential circuit can realize the driver for an electrical-potential-difference drive of 
2 stage amplifier mold by having the operational amplifier by which the input section was connected to the above- 
mentioned voltage selection switch, and the output section was connected to the above-mentioned output-buffer 
section. 

[0050] The 3rd output circuit for gradation control of this invention consisted of two or more current mirrors, and is 
equipped with two or more gradation control sections for outputting a mutually different current for gradation 
control in response to reference voltage and a gradation signal from each of two or more multistage type current 
mirror sections to which a current equal to the current which flows the current mirror of the 1st step flows to three 
or more steps of each current mirror, and two or more above-mentioned multistage type current mirror sections. 
[0051] Dispersion in the value of the current inputted into a gradation control section by using a multistage type 
current mirror by this configuration is reduced, in addition, a thing equipped with two or more gradation control 
sections for outputting a mutually different current for gradation control — the property of the output current of 
the output circuit for gradation control — organic electroluminescence and inorganic — the gamma characteristics 
of light emitting devices, such as EL and LED, can be made to resemble Consequently, when the output circuit for 
gradation control of this invention is used for a display, a display property is improved, and a printing property is 
Improved when it uses for an output unit. 

[0052] While receiving the current for gradation control from two or more above-mentioned gradation control 
sections, the property of the output current from the output circuit for gradation control can control to resemble 
the gamma characteristics of a light emitting device by having the output-control section for changing the 
combination of the above-mentioned current for gradation control outputted according to the above-mentioned 
gradation signal. Consequently, in the display panel and printer using the output circuit for gradation control of this 
invention, a good gradation display is realizable. 

[0053] Two or more above-mentioned gradation control sections the gradation of the lowest range among two or 
more above-mentioned gradation control sections A controllable low side gradation control section. Gradation higher 
than the above-mentioned low side gradation control section Is divided Into a controllable high side gradation control 
section. Two or more above-mentioned multistage type current mirror sections It becomes possible to make the 
property of the output current of the output circuit for gradation control approximate to the gamma characteristics 
of a light emitting device good by being divided into the low side multistage type current mirror section connected to 
the above-mentioned low side gradation control section, and the high side multistage type current mirror section 
connected to the above-mentioned high side gradation control section. 

[0054] When the number of gradation is below a predetermined value, the above-mentioned output-control section 
When only the above-mentioned current for gradation control from the above-mentioned low side gradation control 
section is outputted and the number of gradation exceeds a predetermined value By controlling to output the 
above-mentioned current for gradation control from the above— mentioned high side gradation control section in 
addition to the above-mentioned current for gradation control from the above-mentioned low side gradation control 
section It becomes possible to change the property of the output current of the output circuit for gradation control 
according to the inclination of the gamma-characteristics (current-brightness property) graph of a light emitting 
device. 

[0055] at least — red. green, above-mentioned low side multistage type current mirror section [ of blue 3 
classification by color ]. and above-mentioned yes — the side multistage type current mirror section, the above- 
mentioned low side gradation control section, and the above — yes, when the side gradation control section Is 
integrated by the same chip, the output circuit for gradation control of this invention comes to be used as a driver 
IC for color displays. Moreover, it comes to be used also as a printer head of a color printer. 
[0056] While adjoining mutually [ the above-mentioned low side multistage type current mirror section and the 
above-mentioned high side multistage type current mirror section ] 1 set at a time and being arranged It is arrahged 
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at a predetermined color order at a line writing direction. The above-mentioned low side gradation control section, 
the above-mentioned high side gradation control section, and the above-mentioned output-control section it 
arranges on a matrix mostly — having — above-mentioned low side multistage type current mirror section and 
above-mentioned yes — 1 of the side multistage type current mirror section — the above-mentioned low side 
gradation control section connected for constructing, and the above — yes, a side gradation control section and the 
above-mentioned output-control section by being hardened and arranged Wiring area can be reduced, as a result it 
leads also to the miniaturization of a display panel. 

[0057] The above-mentioned gradation control section has two or more gradation generation sections which have 
the selecting switch which has the current mirror section, and the transfer gate and the inverter of the same 
number which were connected to the above-mentioned current mirror section. The above-mentioned current mirror 
section and the above-mentioned selecting switch By being hardened and arranged for every above-mentioned 
gradation generation section, compared with the layout hardened and arranged for every component, redundant 
wiring between the current mirror section and an inverter can be reduced, and wiring area can be reduced 
effectively. Moreover, it becomes possible to expand the width of face of output wiring of a gradation control circuit, 
and to reduce the output impedance of a gradation control circuit. 

[0058] The contrast of the display in the panel using a light emitting device can be raised by having prepared further 

the current piling control circuit for outputting the current which carries out piling of the output current from the 

above-mentioned low side gradation control section, and the output current from the above-mentioned high side 

gradation control section to the above-mentioned output-control section in response to a piling control signal and 

the reference voltage supplied from the above-mentioned high side multistage type current mirror. 

[0059] Piling of the output current from a gradation control section can be planned suppressing the increment in 

area by having prepared further the current piling control circuit for outputting the current which carries out piling 

of the output current of the above-mentioned low side gradation control section between the above-mentioned low 

side multistage type current mirror section and the above-mentioned low side gradation control section. 

[0060] The above-mentioned current piling control circuit can also have the function which fluctuates the current 

outputted according to the gradation to control. 

[0061] Since the above-mentioned output-control circuit can charge the signal line of a display panel beforehand by 
the selection precharge circuit by having further the selection precharge circuit for supplying the electrical potential 
difference which charges an external signal line by switching control, and the selection precharge control circuit for 
turning ON the fixed period above-mentioned selection precharge circuit by the timing control according to an 
indicative data, it can perform the black display in a display panel promptly. Especially this is effective when TFT 
which becomes the panel of a display from low-temperature polish recon is arranged. 

[0062] It integrated on the semiconductor chip and the 4th output circuit for gradation control of this invention is 
equipped with the external terminal which was prepared on the above-mentioned semiconductor chip and connected 
with the internal circuitry which has the output section for outputting a current signal at the above-mentioned 
output section, and the resistor for transforming a current signal into a voltage signal which was prepared on the 
above-mentioned semiconductor chip and connected to the above-mentioned output section. 

[0063] Since the minute current outputted from an internal circuitry by this configuration is convertible for a voltage 
signal with the resistor on a chip, this voltage signal can be made hard to decrease with a probe, a jig, etc. 
Consequently, it becomes possible to conduct accurate inspection. 

[0064] It has further the switching circuit connected to the above-mentioned resistor. The above-mentioned 
switching circuit At the time of normal operation and powering off, it connects so that the above-mentioned resistor 
may be mutually connected with the above-mentioned internal circuitry to the above-mentioned external terminal at 
a serial. At the time of inspection By changing so that the above-mentioned resistor and the above-mentioned 
external terminal may be arranged in parallel to the above-mentioned output section and it may connect, while 
connecting the above-mentioned resistor to touch-down Since a resistor can restrict the amount of currents 
inputted from the outside when a high-voltage current (surge) is inputted from an external terminal, an internal 
circuitry can be protected. Moreover, at the time of inspection, a resistor can be operated as resistance a current / 
for electrical-potential-difference conversion. 

[0065] The above-mentioned internal circuitry may have the multistage type current mirror section and a gradation 
control section for outputting the current for gradation control in response to the reference voltage from the 
above-mentioned multistage type current mirror section. 

[0066] Two or more gradation control sections in which the 5th output circuit for gradation control of this invention 
has two or more bit eels. The latch circuit for normal operation prepared for every above-mentioned bit cel. and the 
common latch circuit for supplying a signal to all the above-mentioned bit eels, It is prepared between the above- 
mentioned common latch circuit and the above-mentioned latch circuit for normal operation, and the above- 
mentioned bit cel. At the time of normal operation, the signal from the above-mentioned latch circuit for normal 
operation was transmitted to the above-mentioned bit cel. and it has the selection circuitry for changing so that the 
signal outputted from the above-mentioned common latch circuit may be transmitted to the above-mentioned bit 
eel at the time of inspiBction. 

[0067] Since it becomes unnecessary for the signal added at the time of inspection to go via two or more latch 
circuits by this, inspection time amount can be shortened. 

[0068] The multistage type current mirror section for supplying reference voltage to two or more above-mentioned 
gradation control sections may be prepared further. 
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[0069] The substrate with which a top face can install the test equipment of the output circuit for gradation control 
of this invention in the circuit tester of wafer checking. The probe which consists of a conductor for being prepared 
on the inferior surface of tongue of the above-mentioned substrate, and receiving the current signal from an 
inspected wafer at least. It connected with the resistor and the above-mentioned resistor for approaching the 
above-mentioned probe, being arranged on the above-mentioned substrate, connecting with the above-mentioned 
probe, and transforming the above-mentioned current signal into a voltage signal, and has wiring prepared by 
penetrating the above-mentioned substrate. 

[0070] A circuit tester can be made to reach, since this current signal can be transformed into a voltage signal by 
the resistor when a very small current signal is outputted from an inspected wafer by this configuration, without 
attenuating a current signal. For this reason, inspection of the wafer which has the output circuit for gradation 
""control which outputs a minute current signal can be performed. 

[0071] It is desirable that the distance between the above-mentioned probe and the above-mentioned resistor is 
10cm or less. 

[0072] The signal from an inspected wafer can be easily measured now with a circuit tester by having further the 
operational amplifier by which connected with the above-mentioned resistor and juxtaposition to the above- 
mentioned probe, and the output section was connected to the negative side input section through the above- 
mentioned resistor. 

[0073] By inputting into the forward side input section of the above-mentioned operational amplifier the reference 
voltage outputted by the above-mentioned circuit tester, even when the range of the output current value from an 
inspected wafer is wide, the signal from a wafer can be easily detected by changing reference voltage. 
[0074] By integrating, the above-mentioned resistor can realize the test equipment of this invention easily. 
[0075] By integrating, the above-mentioned operational amplifier can realize the test equipment of this invention 
easily. 

[0076] The source of reference current connected to the 1st resistor by which the inspection approach of the 
output circuit for gradation control of this invention was mutually connected to juxtaposition. It is the inspection 
approach of the output circuit for gradation control equipped with the gradation control section for connecting with 
the above-mentioned source of reference current, and outputting the current for gradation control. At the time of 
inspection It is prepared in the 1st resistor of the above, and juxtaposition, the 2nd resistor with resistance lower 
than the 1 st resistor of the above is connected to the above-mentioned source of reference current, and 
connection between the 2nd resistor of the above and the above-mentioned source of reference current is turned 
OFF at the time of normal operation. 

[0077] By this approach, since the current inputted into the source of reference current at the time of inspection 
can be made larger than the time of normal operation, an inspection current can be enlarged and inspection can be 
made easy. 
[0078] 

[Embodiment of the Invention] (1st operation gestait) The output circuit for gradation control (driver for an 
electrical-potential-difference drive) where wiring for supplying supply voltage to wiring for supplying supply voltage 
to a differential circuit and the output-buffer section as 1st operation gestait of this invention was separated is 
explained using drawing. 

[0079] - Basic configuration- drawing 1 of the output circuit for gradation control for an electrical-potential- 
difference drive is the circuit diagram showing the configuration of the output circuit for gradation control 
concerning the 1 st operation gestait of this invention. 

[0080] As shown in this drawing, the output circuit for gradation control of this operation gestait The supply voltage 
feed zone 12 and the current feed zone 10 for connecting with the supply voltage feed zone 12, and supplying a 
fixed current, 1st MISFET1 1 which is the P channel mold MISFET to which the drain interposed between the current 
feed zone 10 and the supply voltage feed zone 12 and the gate electrode of each other were connected, The 1st 
node 23 and 2nd node 24 which were prepared between 1st MISFET1 1 and the supply voltage feed zone 12, The 
gradation control sections la, lb, — , IN (N is an integer) which have differential-circuit 7a. voltage selection switch 
20a. output-buffer section 8a, and the output section 16. The gate bias supply line 15 connected to the gate 
electrode of the 1st MISFET, The 1st node 23 and 1 N of gradation control sections Electrical-potential-difference 
supply line 23a for the output sections for connecting between output-buffer section 8a, and supplying supply 
voltage to the output-buffer section of each gradation control section. It is prepared on electrical-potential- 
difference supply line 23a for the output sections. Gradation control-section la, lb — , and the 1st supply voltage 
supply node 25 connected to the output-buffer section of lN-1, The 1st resistor 21 interposed between the 1st 
supply voltage supply node 25-1 st node 23 and between each 1st supply voltage supply node 25 among electrical- 
potential-difference supply line 23a for the output sections. The 2nd node 24 and 1 N of gradation control sections 
7 Ns of differential circuits Electrical-potential-difference supply line 24a for differential circuits for connecting 
between and supplying supply voltage to the differential circuit of each gradation control section. It is prepared on 
electrical-potential-difference supply line 24a for differential circuits. Gradation control-section la, lb — , and the 
2nd supply voltage supply node 26 connected to the differential circuit of 1N-1, It has the 2nd resistor 22 
interposed between the 2nd supply voltage supply node 26-2nd node 24 and between each 2nd supply voltage 
supply node 26 among electrical-potential-difference supply line 24a for differential circuits. One output circuit for 
gradation control is equipped with about 400-500 gradation control sections in many cases. In addition, the output 
circuit for gradation control of this operation gestait is usually integrated in the same chip. 
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[0081] Moreover, the 1st resistor 21 of a resistor and the 2nd resistor 22 are generated according to factors, such 
as a layout, and not existing is an ideal. 

[0082] - The gradation control section of the output circuit for gradation control of the configuration-book 
operation gestalt of a gradation control section has the current Miller circuit using MISFET like the conventional 
driver for an electrical-potential-difference drive. 

[0083] 3rd MISFET3a of the P channel mold by which, as for gradation control-section la, the source was 
connected to the 1st supply voltage supply node 25 as shown in drawing 1 . 2nd MISFET2a of the P channel mold by 
which the source was connected to the 2nd supply voltage supply node 26. Voltage selection switch 20a and 
operational amplifier 6a by which voltage selection switch 20a was connected to the (+) side, and the output section 
16 was connected to the (-) side. [ of the input section ] Output side transistor 5a whose source is the N channel 
mold MISFET by which the drain was connected to 3rd MISFET3a and the gate electrode was connected to touch- 
down at the output section of operational amplifier 6a. respectively. The 3rd node 14 which was prepared between 
output side transistor 5a and 3rd MISFET3a. and was connected to the output section 16. It has capacitor 19a for 
oscillation prevention prepared between wiring which connects between the gate inter-electrode [ of operational 
amplifier 6a ] of output section-output side transistor 5a. and the output side transistor 5a-3rd node 1 4. 
[0084] Moreover, the 2nd MISFET2a and operational amplifier 6a constitute differential-circuit 7a, and 3rd 
MISFET3a, the 3rd node 14, capacitor 19for oscillation prevention a, and output side transistor 5a constitute 
output-buffer section 8a. Here, in gradation control-section la of this operation gestalt, electrical characteristics 
are arranged mutually, and the mutual gate electrode of each other is connected to the gate bias supply line 1 5, and 
2nd MISFET2a and 3rd MISFET3a constitute current Miller circuit. And it sets to the output circuit for gradation 
control of this operation gestalt. and they are the gradation control sections la, lb. — . IN of N individual. It has the 
respectively same circuitry as above-mentioned gradation control-section la. And 2nd MISFET2a, 2b — , and a 2Ns 
and MISFET [ 3rd /a / 3 /,b / 3 /, — , 3N ] gate electrode are connected to the gate bias supply line 15. 
respectively. 2nd MISFET2a, 2b — , and the electrical potential difference supplied to a 2Ns and MISFET [ 3rd /a / 
3 /.b / 3 /. — 3N ] gate electrode do not call at the location from the gate bias supply line 15. but it is almost the 
same and these MISFET(s) are always turned on. 

[0085] In addition, in case it expresses in these following specifications without distinguishing gradation control 
sections [la lb, — . IN ] each, it is written as "the gradation control section 1." When it expresses without the 2nd 
MISFET of N individual which is the configuration component of the gradation control section 1, the 3rd MISFET, an 
output side transistor, an operational amplifier, and a voltage selection switch also distinguishing each, respectively 
It is written as "2nd MISFET2". the "3rd MISFET3", the "output side transistor 5", "an operational amplifier 6", and 
the "voltage selection switch 20." 

[0086] - The function -gradation control section 1 of a gradation control section has 2 stage amplifier composition of 
the output-buffer section 8 for supplying a drive current to TFT and the pixel (not shown) of a liquid crystal panel, 
and the differential circuit 7 for controlling the drive current to output. 

[0087] First, at the time of the drive of the output circuit for gradation control, the supply voltage of a value 
respectively mutual almost equal to the 2nd MISFET2 and 3rd MISFET3 is supplied from the 1 st supply voltage 
supply node 25 and the 2nd supply voltage supply node 26. Then, current Miller circuit functions and currents II and 
12 flow to the 2nd MISFET2 and 3rd MISFET3, respectively. In addition, since the load connected to the output 
section 16 is driven, the current 12 is set up so that it may become large compared with a current II, and the ratio 
of the value of the current II xurrent 12 has become about 1 :5 with this operation gestalt. 

[0088] On the other hand, the voltage selection switch 20 is a multiplexer and has the function which chooses two 
or more reference voltages according to digital data. And the operational amplifier 6 of a differential circuit 7 carries 
out current amplification of the selection electrical potential difference chosen with the voltage selection switch 20 
by negative feedback being carried out. Subsequently, the electrical potential difference by which current 
amplification was carried out is outputted to liquid crystal or an organic EL panel from the output section 16 through 
the capacitor 19 for oscillation prevention. In this case, the capacitor 19 for oscillation prevention changes the 
phase of the output signal of an operational amplifier 6, and is stabilizing the output of an operational amplifier 6 by 
which negative feedback was carried out. 

[0089] By the way, in the gradation control section 1, the capacitor 19 for oscillation prevention is charged 
according to the output current (= current II) of an operational amplifier 6, and the current which flows the output- 
buffer section 8. However, since the current which flows a differential-circuit 7 side is smaller than the current 
which flows the output-buffer section 8 side, it changes the charging time of the capacitor 1 9 for oscillation 
prevention with the magnitude of the output current of an operational amplifier 6. If the charging time of the 
capacitor 19 for oscillation prevention changes, the slew rate of an operational amplifier 6 will change, and the 
charging time to the load connected to the output section 1 6 also changes. The current which flows a differential- 
circuit 7 side is the electrical potential difference VGS1 between the GETO sources of 2nd MISFET2. Since it 
changes, the output current can be made regularity by making regularity supply voltage to which the potential of the 
gate bias supply line 15 does not call at a location, but is supplied from the 2nd supply voltage supply node 26 in a 
fixed case. 

[0090] - The point that the output circuit for gradation control of a difference-book operation gestalt with the 
conventional driver for an electrical-potential-difference drive differs from the conventional driver for an electrical- 
potential-difference drive is that wiring which supplies each supply voltage to a differential circuit and the output- 
buffer section is separated. 
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[0091] Thereby, it enables the output circuit for gradation control of this operation gestalt to suppress the voltage 
drop by the resistor small compared with the conventional driver for an electrical-potential-difference drive. 
Therefore, the voltage drop in the 1st supply voltage supply node 25 and the 2nd supply voltage supply node 26 in a 
location distant from the supply voltage feed zone 1 2 is suppressed, and the electrical-potential-drfference 
difference by the location of the 1st supply voltage supply node 25 and the 2nd supply voltage supply node 26 can 
be made small. 

[0092] Moreover, since it calls [ the potential of the gate bias supply line 15 / at a location ] in the output circuit for 
gradation control of this operation gestalt and is fixed, it is the electrical potential difference VGS1 between the 
GETO sources of 2nd MISFET2, Dispersion is also suppressed. For this reason, the current which flows a differential 
circuit 7 is not concerned with distance from the supply voltage feed zone 12, but becomes almost fixed, and can 
make the slew rate of an operational amplifier 6 regularity mostly. 

[0093] Therefore, since the charging time to a load can be made regularity by using the output circuit for gradation 
control of this operation gestalt, a liquid crystal panel without display nonuhiformity and the organic EL panel of an 
electrical-potential-difference writeHn method are realizable. 

[0094] In addition, in the output circuit for gradation control of this operation gestalt. the electrical potential 
difference supplied to a display etc. with the voltage selection switch 20 is changed, and this is performing gradation 
control. 

[0095] In addition, the output circuit for gradation control of this operation gestalt is used as a liquid crystal drive 
driver, and also it is used for the head of the printer in which it is indicated by gradation by the electrical potential 
difference etc. 

[0096] In addition, although the ratio of the value of the current Ilrcurrent 12 rs set as about 1:5 with this operation 
gestalt, if it is 1KI2, there will be especially no limit in the ratio of a current value. 

[0097] In addition, in the output circuit for gradation control of this operation gestalt. although the P channel mold 
MISFET was used as MISFET which constitutes current Miller circuit, it may replace with this and the N channel 
mold MISFET may be used. 

[0098] In addition, in the output circuit for gradation control of this operation gestalt, it can consider as the driver 
for a current drive by using the bipolar transistor of a npn mold instead of MISFET contained in the gradation 
control section 1. 

[0099] (2nd operation gestalt) Drawing 2 (a) and (b) are the circuit diagram showing the configuration of the output 
circuit for gradation control (driver for an electrical-potential-difference drive) which starts the 2nd operation 
gestalt of this invention, respectively, and drawing showing the relation between the power-source potential in a 
supply voltage supply line, and the distance from a supply voltage feed zone. 

[0100] The output circuit for gradation control for the electrical-potential-difference drive of this operation gestalt 
is the electrical potential difference VGS1 between the GETO sources of each 2nd MISFET2 and each 3rd MISFET3 
by giving an inclination to the potential of the gate bias supply line 15. And VGS2 It fixes mostly. 
[0101] As shown in drawing 2 (a), the output circuit for gradation control concerning the 2nd operation gestalt of 
this invention The supply voltage feed zone 1 2 and the gradation control sections 1 a. 1 b, — , 1 N (N is an integer) 
which are connected to the supply voltage feed zone 12, and have the output section 16, 1st current feed zone 10a 
for connecting with touch-down and supplying a fixed current. 1st MISFET1 1 which is the P channel mold MISFET 
to which the drain interposed between 1st current feed zone 10a and the supply voltage feed zone 12 and the gate 
electrode of each other were connected. The 1st node 18 prepared between 1st MISFET11 and the supply voltage 
feed zone 12. A drain is connected with the 2nd current feed zone 31 for supplying a fixed current at the 2nd 
current feed zone 31. MISFET30 for inclination bias which is the P channel mold MIS transistor to which the drain 
and the gate electrode of each other are connected. The gate bias supply line 15 which connects mutually the gate 
electrode of 1st MISFET11, and the gate electrode of MISFET30 for inclination bias. The supply voltage supply 
wiring 4 for connecting mutually the 1st node 18 and the source of MISFET30 for inclination bias, and supplying 
supply voltage to each gradation control section 1, It is prepared on the supply voltage supply wiring 4, and they are 
the gradation control sections la, lb, — . IN. It has the supply voltage supply node 17 connected, respectively and 
the resistor 13 interposed between each supply voltage supply node 17 and between the supply voltage supply node 
17 and the 1st node 18. In addition, the output circuit for gradation control of this operation gestalt is usually 
integrated in the same chip like the 1st operation gestalt. Moreover, the output circuit for gradation control 
concerning future operation gestalten is integrated similarly. 

[0102] In addition, as long as MISFET30 for inclination bias is the same conductivity type as 1st MISFET11. either a 
P channel mold or an N channel mold is OK as it. 

[0103] Moreover, in this operation gestalt. the gradation control section 1 has the same configuration as the 1st 
operation gestalt 

[0104] As shown in drawing 2 (a), namely, the gradation control section 1 while the source of each other was 
connected, it connected with the supply voltage supply node 17 — both with 2nd MISFET2a of a P channel mold, 
and 3rd MISFET3a Voltage selection switch 20a and operational amplifier 6a by which the voltage selection switch 
was connected to the (+) side, and the output section 16 was connected to the (-) side, [ of the input section ] 
Output side transistor 5a whose source is the N channel mold MISFET by which the drain was connected to 3rd 
MISFET3a and the gate electrode was connected to touch-down at the output section of operational amplifier 6a, 
respectively. The 2nd node 14 which was interposed between output side transistor 5a and 3rd MISFET3a. and was 
connected to the output section 1 6, Gate inter-electrode and output side transistor 5a of the output section-output 
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side transistor of operational amplifier 6a - It has capacitor 19a for oscillation prevention prepared between wiring 
which connects between the 2nd node. Moreover, the 2nd MISFET2a and operational amplifier 6a constitute 
differential-circuit 7a, and 3rd MISFETSa. the 2nd node 14. capacitor 19for oscillation prevention a, and output side 
transistor 5a constitute output-buffer section 8a. 

[0105] The description of the output circuit for gradation control of this operation gestalt is in the point that the 
2nd current feed zone 31 and MISFET30 for inclination bias are formed. The voltage drop of the supply voltage 
supply node 17 has protected that the electrical potential difference between the gate-sources of 2nd MISFET2 and 
3rd MISFET3 (VGS1 and VGS2) decreases so that this may explain below. 

[0106] Moreover, MISFET30 for inclination bias is working [ of this equipment ]. and a usual state with the ON state. 
Therefore, the potential by the side of the drain of MISFET30 for inclination bias is the potential to which the 
voltage drop of the potential of the supply voltage feed zone 12 was carried out by the resistor 13 at least. And 
since the drain and gate electrode of MISFET30 for inclination bias are connected mutually, the potential of the gate 
electrode of MISFET30 for inclination bias is lower than the potential of the gate electrode of 1st MISFET1 1. 
Therefore, an electric potential gradient to which potential becomes low is formed as are shown in drawing 2 (b) and 
it separates from the supply voltage feed zone 12 on the gate bias supply line 15. And in the output circuit for 
gradation control of this operation gestalt, it makes it possible to make regularity mostly the electrical potential 
difference between the gate-sources of each 2nd MISFET2 and 3rd M1SFET3 (VGS1 and VGS2) by setting up so 
that the voltage drop in the supply voltage supply wiring 4 may be comparatively alike and the electric potential 
gradient in the gate bias supply line 15 may be proportional mostly. 

[0107] Current II which is not concerned with distance from the supply voltage feed zone 12, but flows 2nd 
MISFET2 by this A value can be mostly made regularity and the slew rate of an operational amplifier 6 can be 
mostly made regularity. Consequently, according to the output circuit for gradation control of this operation gestalt. 
it becomes possible to supply the voltage signal which has a uniform current value from the output section 16 of all 
the gradation control sections 1 to TFT and a pixel. 

[0108] Moreover, in the output circuit for gradation control of this operation gestalt, wiring for supplying supply 
voltage to wiring for supplying supply voltage to a differential circuit 7 and the output-buffer section 8 is not 
separated. Since the area of MISFET30 for inclination bias is very small compared with the area of an electrical- 
potential-difference supply line, compared with the output circuit for gradation control of the 1st operation gestalt, 
as for the output circuit for gradation control of this operation gestalt, area is small. When a drive driver is used for 
a liquid crystal panel, it has many outputs (400 to 500 output), and is arranged at the side edge of a panel. 
Therefore, since a panel is miniaturized, it is important that the area of a drive driver is small. 

[0109] Moreover, since the supply voltage of a differential circuit 7 and the output-buffer section 8 is supplied from 
the supply voltage supply wiring 4, it is not based on dispersion in the resistance of a resistor 13 etc., but the supply 
voltage of a value respectively almost equal to the differential circuit 7 and the output-buffer section 8 in one 
gradation control section 1 is supplied [ in / both / the output circuit for gradation control of this operation 
gestalt ]. This is also advantageous in order to make the slew rate of an operational amplifier regularity. 
[0110] As mentioned above, since the slew rate of an operational amplifier 6 can be fixed mostly and the charging 
time to a load can be made regularity by using the output circuit for gradation control of this operation gestalt, the 
display nonuniformity in a liquid crystal panel and the organic EL panel of an electrical-potential-difference write-in 
method can be stopped. 

[Oil 1] Moreover, since the output circuit for gradation control of this operation gestalt can make area smaller than 
the output circuit for gradation control of the 1 st operation gestalt, it is advantageous to integration and is 
preferably used also for a liquid crystal panel with small size. 

[0112] In addition, in the output circuit for gradation control of this operation gestalt, although the current Miller 
circuit in the gradation control section 1 was constituted from a P channel mold MISFET, it may replace with this 
and the N channel mold MISFET may be used. In that case, what is necessary is just to use both 1st MISFET1 1 and 
MISFET30 for inclination bias as the N channel mold MISFET. This Is the same also in the output circuit for 
gradation control concerning the following operation gestalten. 

[0113] In addition, also in the gradation control section 1 of this operation gestalt, although the ratio of the value of 
the current Ilxurrent 12 is set as about 1:5. if it is IKI2. there will be especially no limit in the ratio of a current 
value. 

[0114] Moreover, in the output circuit for gradation control of this operation gestalt, although the 2nd current feed 
zone 31 and MISFET30 for inclination bias were formed in order to form an electric potential gradient on the gate 
bias supply line 15, it may replace with this and the current feed zone which became independent in the supply 
voltage feed zone 1 2. and the low-battery feed zone which has potential lower than the potential of the gate 
electrode of 1st MISFET11 may be prepared. 

[0115] In addition, although the output circuit for gradation control was explained above, the output circuit for 
gradation control for performing gradation control by the current is realizable by using the current addition mold D/A 
converter which replaces with the gradation control section 1 and has two or more current mirrors, even in this 
case, every — the electrical potential difference between the gate-sources of MISFET which constitutes a D/A 
converter — mutual — etc. — it spreads — since it has become, the output current can be made regularity. Such 
an output circuit for gradation control can be used as the driver for an organic EL panel and inorganic EL panels, 
and a head of an LED printer. The output circuit for gradation control for a current drive is explained in full detail 
behind. 
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[0116] (3rd operation gestalt) The output circuit for gradation control concerning the 3rd operation gestalt of this 
invention combines the output circuit for gradation control concerning the 1st operation gestalt and the 2nd 
operation gestalt. 

[01 17] Drawing 3 is the circuit diagram showing the configuration of the output circuit for gradation control for an 
electrical-potential-difference drive concerning the 3rd operation gestalt of this invention. In addition, drawing 1 and 
the same sign as 2 are given to the 1st and 2nd same components and same circuits as an operation gestalt 
[01 18] As shown in drawing 3 . the output circuit for gradation control of this operation gestalt The supply voltage 
feed zone 12 and the gradation control section 1 of N individual which is connected to the supply voltage feed zone 
12. and has a differential circuit 7. the voltage selection switch 20. the output-buffer section 8, and the output 
section 16. 1st current feed zone 10a for connecting with touch-down and supplying a fixed current, 1st MISFET11 
which is the P channel mold MISFET to which the drain interposed between 1st current feed zone 10a and the 
supply voltage feed zone 12 and the gate electrode of each other were connected, The 1st node 23 and 2nd node 
24 which were prepared between 1st MISFET1 1 and the supply voltage feed zone 12, The 2nd current feed zone 31 
for supplying a fixed current, and MISFET30 for inclination bias which is the P channel mold MIS transistor to which 
the source was connected to the 2nd current feed zone 31, and the drain and the gate electrode of each other were 
connected. The gate bias supply line 15 which connects the gate electrode of 1st MISFET1 1. and the gate electrode 
of MISFET30 for inclination bias, Electrical-potential-difference supply line 24a for differential circuits which 
connects mutually the 2nd node 24 and the source of MISFET30 for inclination bias. The 2nd supply voltage supply 
node 26 which was prepared on electrical-potential-difference supply line 24a for differential circuits, and was 
connected to each differential circuit 7. between the 2nd node 24 and the 2nd supply voltage supply node 26 and 
every — with the resistor 22 prepared between the 2nd supply voltage supply node The 1st node 23 and Nth 
MISFET3N [ 3rd ] Electrical-potential-difference supply line 23a for the output sections to connect. It has the 
resistor 21 which was prepared on electrical-potential-difference supply line 23a for the output sections, and was 
prepared between the 1st supply voltage supply node 25 connected to each output-buffer section 8. and the 1st 
node 23 and the 1st supply voltage supply node 25, and between each 1st supply voltage supply node 25. In addition, 
the configuration of the gradation control section 1 is the same as that of the 1st operation gestalt 
[01 19] In the output circuit for gradation control of this operation gestalt, descent of the supply voltage in the 1st 
supply voltage supply node 25 and the 2nd supply voltage supply node 26 which were prepared in the location 
distant from the supply voltage feed zone 12 can be small suppressed by separating wiring for supplying supply 
voltage to wiring for supplying supply voltage to a differential circuit 7. and the output-buffer section 8. 
[0120] In addition, in the output circuit for gradation control of this operation gestalt. the electric potential gradient 
is formed on the gate bias supply line 15. Thereby, dispersion by the location of the electrical potential differences 
VGSl and VGS2 between the gate-sources of 2nd MISFET2 and the 3rd MISFET is suppressed. 
[0121] Therefore, in the output circuit for gradation control of this operation gestalt, according to the synergistic 
effect of two above-mentioned configurations, it cannot call at the location of the gradation control section 1, but 
precision can improve the slew rate of an operational amplifier 6 regularity more. For this reason, according to the 
output circuit for gradation control of this operation gestalt the current outputted from the output section 16 of all 
the gradation control sections 1 can also be set constant and can make the charging time to a load regularity. 
Consequently, the display nonuniformity produced in a liquid crystal panel and the organic EL panel of an electrical- 
potential-difference write-in method can be stopped by using the output circuit for gradation control of this 
operation gestalt 

[0122] (4th operation gestalt) In the output circuit for gradation control of the 1-3rd operation gestalten. the supply 
voltage from the supply voltage feed zone 12 is distributed to 2nd MISFET2 through a common electrical-potential- 
difference supply line, and the electrical potential difference VGS1 between the each (this is henceforth called 
"electrical-potential-difference distributing system") gate-sources is set to it so that it may become almost fixed. 
[0123] On the other hand, the output circuit for gradation control of this operation gestalt establishes sink side 
current Miller circuit 43 in the MISFET30 side for inclination bias prepared in the location distant from the supply 
voltage feed zone 12. and distributes the current of magnitude equal to the current supplied from 1st current feed 
zone 10a to the MISFET30 side for inclination bias by the current division of current mirrors. This is henceforth 
called a "current delivery method/' 

[0124] Drawing 4 is the circuit diagram showing the configuration of the output circuit for gradation control of this 
operation gestalt In addition, the same sign as drawing 3 is given to the 3rd same component and same circuit as an 
operation gestalt 

[0125] As shown in this drawing, the output circuit for gradation control of this operation gestalt The supply voltage 
feed zone 12 and the gradation control section 1 of N individual which is connected to the supply voltage feed zone 
12. and has a differential circuit 7, the voltage selection switch 20. the output-buffer section 8. and the output 
section 16, 1st MISFET11 which is the P channel mold MISFET to which the drain interposed in order between 1st 
current feed zone 10a connected to touch-down. 1st current feed zone 10a, and the supply voltage feed zone 12 
and the gate electrode of each other were connected. With the 1 st node 23 and the 2nd node 24 which were 
prepared between 1st MISFET11 and a supply voltage feed zone, both with the N channel mold MISFET Sink side 
current Miller circuit 43 which consists of the 1st mirror MISFET43a and the 2nd mirror MISFET43b to which gate 
electrodes were connected mutually. A gate electrode to 1st mirror MISFET43a to the gate electrode of 1st 
MISFET1 1 [ a drain ] 4th MISFET41 of the P channel mold which the source is connected to the supply voltage feed 
zone 12, respectively, and constitutes an informer side current mirror with 1st M1SFET1 1. MISFET30 for inclination 
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bias which is the P channel mold MIS transistor to which the source was connected to 2nd N channel mold 
MISFET43b, and the drain and the gate electrode of each other were connected. The gate bias supply line 15 which 
connects the gate electrode of 1st MISFET1 1. and the gate electrode of MISFET30 for inclination bias. Electrical- 
potential-difference supply line 24a for differential circuits which connects the 2nd node 24 and the source of 
MISFET30 for inclination bias, The 2nd supply voltage supply node 26 which was prepared on electrical-potential- 
difiPerence supply line 24a for differential circuits, and was connected to each differential circuit 7, between the 2nd 
node 24 and the 2nd supply voltage supply node 26 and every — with the resistor 22 prepared between the 2nd 
supply voltage supply node The 1st node 23 arid Nth MISFET3N [ 3rd ] ElectricaHpotential-difference supply line 
23a for the output sections to connect. It has the resistor 21 which was prepared on electrical-potential-difference 
supply line 23a for the output sections, and was prepared between the 1 st supply voltage supply node 25 connected 
to each output-buffer section 8, and the 1st node 23 and the 1st supply voltage supply node 25, and between each 
1st supply voltage supply node 25. Moreover, the configuration of the gradation control section 1 is the same as 
that of the 3rd operation gestalt. 

[0126] 4th MISFET41 for the output circuit for gradation control of this operation gestalt to distribute the current 
supplied from sink side current Miller circuit 43 and 1st current feed zone 10a as 2nd current feed zone 31 of the 
3rd output circuit for gradation control is formed. 

[0127] Here, it has electrical characteristics in the same component configuration list mutually, and. as for the 1st 
M1SFET11 and 4th MISFET41 which constitute a current mirror, 1st mirror MlSFET43a and 2nd mirror MISFET43b 
also have the same component configuration and electrical characteristics mutually. In addition, in the output circuit 
for gradation control of this operation gestalt, since each of 1st MISFET11, 4th MISFET41, the 1st mirror 
MISFETthe 43a. and 2nd mirror MISFET43b operates in a saturation region, the current supplied from 1st current 
feed zone 10a and the current which flows 2nd mirror MISFET43b are high degree of accuracy, and it is equal. 
[0128] Moreover, since it becomes possible to supply a fixed current to the circuit which distance left in one bias 
circuit, increase of circuit area is avoidable. 

[0129] In addition, since a current can be distributed according to the current delivery method, without being 
influenced of the voltage drop by the resistor, it becomes possible to arrange the supply voltage supplied to 2nd 
MISFET2 (or differential circuit 7) prepared In the location (location distant about several mm) distant from the 
supply voltage feed zone 12, and the supply voltage supplied to the 2nd MISFET prepared in the near location from 
the supply voltage feed zone 12 with a sufficient precision. 

[0130] Consequently, in the output circuit for gradation control of this operation gestalt, the electrical potential 
difference VGS1 between the gate-sources of 2nd MISFET2 is not based on distance from the supply voltage feed 
zone 12, but is almost fixed, and the slew rate of an operational amplifier 6 can also be mostly made regularity. That 
is. the display nonuniformity produced in a liquid crystal panel and the organic EL panel of an electrical-potential- 
difference write-in method can be stopped by using the output circuit for gradation control of this operation gestalt. 

[0131] In addition, although this operation gestalt explained the example which combines an electrical-potential- 
difference distributing system and a current delivery method, current Miller circuit can be prepared between each 
gradation control section 1, and a current delivery method can also distribute a current to all 2nd MISFET2. In this 
case, since area becomes large, it is desirable to distribute supply voltage to 2nd comparatively near MISFET2 by 
the electrical-potential-difference distributing system from the supply voltage feed zone 12 in fact, and to distribute 
a current to 2nd MISFET2 comparatively far from the supply voltage feed zone 12 by the current delivery method. 
[0132] (5th operation gestalt) The example which applied the configuration of the output circuit for gradation control 
for an electrical-potential-difference drive explained with the 1-4th operation gestalten to the output circuit for 
gradation control for a current drive as 5th operation gestalt of this invention Is explained. 

[0133] Drawing 5 is drawing showing the configuration of the output circuit for gradation control concerning the 5th 
operation gestalt of this invention (driver for a current drive), and drawing 6 is drawing showing the detailed 
configuration of the gradation control circuit 51 shown in drawing 5 . 

[0134] As shown in drawing 5 , the output circuit for gradation control of this operation gestalt The supply voltage 
feed zone 12 and the gradation control circuit 51 of N individual which is connected to the supply voltage feed zone 
12, and functions as a D/A converter of a current addition mold, 1st MISFET1 1 which is the P channel mold MISFET 
to which the drain interposed between 1st current feed zone 10a connected to touch-down, 1st current feed zone 
10a. and the supply voltage feed zone 12 and the gate electrode of each other were connected, With the 1st node 
18 prepared between 1st MISFET1 1 and the supply voltage feed zone 12, both with the N channel mold MISFET 
Sink side current Miller circuit 43 which consists of the 1st mirror MISFET43a and the 2nd mirror MISFET43b to 
which gate electrodes were connected mutually. A gate electrode to 1st mirror MISFET43a to the gate electrode of 
1st MISFET11 [ a drain ] 4th MISFET41 of the P channel mold which the source is connected to the supply voltage 
feed zone 12, respectively, and constitutes an informer side current mirror with 1st MISFETl 1, MISFET30 for 
inclination bias which is the P channel mold MIS transistor to which the drain was connected to 2nd N channel mold 
MISFET43b. and the drain and the gate electrode of each other were connected. The gate bias supply line 15 which 
connects the gate electrode of 1st MISFETl 1, and the gate electrode of MISFET30 for inclination bias. The supply 
voltage supply wiring 4 for supplying supply voltage to each gradation control circuit 51, It was prepared on the 
supply voltage supply wiring 4, and has the supply voltage supply node 17 connected to each gradation control 
circuit 51, respectively, and the resistor 13 interposed between each supply voltage supply node 17 and between 
the supply voltage supply node 17 and the 1st node 18. 
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[0135] Moreover, it has the output section 54 for connecting with the output side of the selecting switch 53 to 
which it was prepared In the drain side of the current mirror section 52 the current mirror section 52 for two or 
more currents addition connected to juxtaposition mutually [ that, as for the gradation control circuit 51, the source 
is connected to the supply voltage supply node 17 ] as shown in drawing 6 , and for each current addition, 
respectively, and the output side was connected mutually, and a selecting switch 53, and supplying the output 
current. 

[0136] Moreover, the current mirror section 52 for current addition consists of P channel molds MISFET each other 
connected to juxtaposition, and, in the case of 6-bit gradation (64 gradation), consists of 1. 2, 4, 8, and 16 or 32 P 
channel molds MISFET. respectively. And the selecting switch 53 has the transfer gate section 49 which consists of 
an N channel mold MISFET and a P channel mold MISFET, and the inverter 50 by which the output side was 
connected to the N channel mold MISFET. As for each selecting switch 53, turning on and off is controlled by digital 
data LO, LI, — , L5 in order. Moreover, an equal current flows mutually [ MISFET which constitutes the current 
mirror section 52 for current addition / since electrical characteristics are arranged mutually, when a selecting 
switch 53 is ON ] in the P channel each mold MISFET of the current mirror section 52 for current addition. 
[01 37] This configuration enables it to supply the current of 64 kinds of magnitude from the output section 54 in the 
output circuit for gradation control of this operation gestalt in addition — since dispersion in the amount of 
currents outputted from the output section 54 between the gradation control circuits 51 of the output circuit for 
gradation control of this operation gestalt is suppressed as the 4th operation gestalt explained, if the output circuit 
for gradation control of this operation gestalt uses — organic electroluminescence and inorganic — while gradation 
control of the panel using the light emitting device of current drives, such as EL and LED, is realized, control of 
display nonuniformity is also realized. Moreover, a printer with little printing nonuniformity is realizable by using the 
output circuit for gradation control of this operation gestalt for the head of the printer using these light emitting 
devices. 

[0138] Moreover, in the output circuit for gradation control of this operation gestalt, since it is not necessary to 
form the operational amplifier which needs a comparatively big area, it becomes possible to reduce a chip size 
compared with the output circuit for gradation control for the current drive of the type using an operational 
amplifier, or the output circuit for gradation control for an electrical-potential-difference drive. 
[0139] What is necessary is just to form 1, 2, — . the current mirror section 52 for current addition that has M/2 
MISFET in one gradation control circuit 51, respectively, in order to realize a n bits (M gradation; M= 2n) gradation 
display although the above explanation showed the example of the output circuit for gradation control which realizes 
64 gradation. Here, the number pf M is even [ forward ]. for example, it is forming further the current mirror section 
52 for current addition which has 64 P channel molds MISFET in the gradation control circuit 51 of this operation 
gestalt, and the gradation display of 128 gradation is attained. 

[0140] Moreover, in this operation gestalt, although the number of MISFET of the current mirror section 52 for 
current addition had realized the gradation display, one MISFET per number of bits is prepared, and It Is good also 
considering the value of those gate width (W) / gate length (L) as 1.2, 4. — . 32. However, as for the precision of the 
output current, the direction which performs gradation control by the number of MISFET becomes high. 
[0141] thus, the output circuit for gradation control of this operation gestalt — setting — the 1- an organic EL 
panel with little brightness nonuniformity is realizable by replacing with the gradation control section 1 of the output 
circuit for gradation control explained with the 4th operation gestalt, and preparing a current addition mold D/A 
converter. 

[0142] In addition, in the output circuit for gradation control of this operation gestalt, the N channel mold MISFET 
may be used as MISFET which constitutes the current mirror section 52 for current addition. 

[0143] In addition, in the output circuit for gradation control of this operation gestalt, in having the gradation control 
section 1 which replaced with the gradation control circuit 51 and was used with the 2nd operation gestalt. it 
becomes the driver for an electrical-potential-difference drive used for a liquid crystal panel etc. 
[0144] (6th operation gestalt) The output circuit for gradation control concerning the 6th operation gestalt of this 
invention is a current drive driver which has the following four descriptions. 

[0145] First, the 1st description is the point that dispersion between the output currents is reduced, by preparing 
the current mirror section made multistage. 

[0146] Next the 2nd description is the point that a means to amend the difference between the brightness 
properties actually displayed as the brightness control given to a display was provided. 

[0147] And the 3rd description Js the point that the selection precharge circuit (unHllustratlng) and the selection 
precharge control circuit 62 for assisting charge of the parasitic capacitance produced in the signal line on an 
indicating equipment were prepared. 

[0148] Next, the 4th description is the point that the current piling control circuit 61 for carrying out piling of the 
output current was formed. 

[0149] Drawing 9 is the block circuit diagram showing the configuration of the indicating equipment of a current 
drive method using the output circuit for gradation control concerning the 6th operation gestalt of this invention. 
[01 50] As shown in this drawing, the output circuit for gradation control of this operation gestalt The low side 
gradation control circuit 59 for having the low (LOW) side current-output section, and controlling one to 4-8-16 
gradation. The low side current mirror section 55 for supplying reference voltage Vsti to the low side gradation 
control circuit 59. Yes (HIGH), the high side gradation control circuit 60 for having the side current-output section 
and controlling 4-8-16 to 64 gradation. The high side current mirror section 56 for supplying reference voltage Vst2 
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to the current piling control circuit 61 connected to the output section 64, and the high side gradation control 
circuit 60 and the current piling control circuit 61, respectively, It has the selection precharge control circuit 62 
connected to the source signal line 58 by the side of a display. 

[0151] Moreover, although simplified and shown by drawing 9 , both the low side current mirror section 55 and the 
high side current mirror section 56 have taken the three-step configuration, and have 1 76 outputs, respectively, the 
first step of this low side current mirror section 55, and yes — the 1st (parent current source) step of the side 
current mirror section 56 — each — it connects with the external resistors 63a and 63b. 

[0152] Moreover, from the output section 64, the current with which the output current from the current piling 
control circuit 61 was added to the output current from the low side current-output section and the low side 
current-output section is supplied to a display-panel side. 

[0153] Below, the description of the output circuit for gradation control of this operation gestalt is explained. 
However, explanation about a piling circuit is performed with a next operation gestalt 

[0154] - In order to maintain the constant current characteristic of the multistage-ized-current Miller circuit of the 
current mirror section, it is necessary to limit the number of the mirror transistors connected to the common 
electrical-potential-difference supply line {electrical-potential-difference distributing system). This is because the 
effect of the voltage drop in an electrical-potential-difference supply line becomes large as it explained previously 
that the number of mirror transistors increased. 

[0155] On the other hand, the output circuit for gradation control for a current drive has many outputs like the 
output circuit for gradation control for an electrical-potential-difference drive, and the numbers of outputs of the 
output circuit for gradation control of this operation gestalt are 176 outputs per Isshiki of R(red) -G(green) -B 
(blue), and are a total of 528 outputs. When supplying supply voltage from an electrical-potential-difference supply 
line common to the current mirror corresponding to these 1 76 outputs, there is a possibility that dispersion between 
the output currents may arise. Then, although the current delivery method which connects current mirrors will be 
used, since the consumed electric current will increase if the number of current divisions is made to increase, there 
is a trade-off with the engine performance of a product. For this reason, inventionHn-this-application persons used 
together the electrical-potential-difference distributing system for the current delivery method, and adopted the 
multistage-ized structure of the current mirror section. 

[0156] Drawing 7 is drawing showing the multistage type current mirror section at the time of making a current 
source into a three-step type. 

[0157] As shown in this drawing, the current value of the 1st step current mirror (parent current source 55a) is 
copied to the 16 2nd step current mirrors (child current source 55b) by current Miller circuit. Furthermore, the 
current value of child current source 55b is also copied to the 1 1 3rd step current mirrors (grandchild current 
source 55c) by current Miller circuit. Thus, the current of equal magnitude is mutually distributed to MISFET which 
constitutes the current mirror of each stage. By the above-mentioned configuration, the current value of parent 
current source 55a will be transmitted to 16x11=176 piece grandchild current source 55c. According to the 
configuration of this current mirror section, dispersion in the output current value from grandchild current source 
55c can be made smaller than the case where the current value of parent current source 55a is directly transmitted 
to 176 grandchildren current source 55c. Therefore, display nonuniformity can be made small when the multistage 
type current mirror section is used for an organic electroluminescence display etc. 

[0158] Since the output circuit for gradation control of this operation gestalt is equipped with the multistage type 
current mirror section of an above-mentioned three-step configuration, dispersion in the reference voltages Vsti 
and Vst2 inputted into each low side gradation control circuit 59 is small. Therefore, dispersion in the output current 
from each low side current-output section and a high side current output is also reduced. 

[0159] In addition, the number of stages of the current mirror section may be three or more steps, and may change 
the number of outputs of the current mirror section into a suitable number. 

[01 60] - The brightness of the light emitting device to gamma amendment which tackles and is used for - display 
does not necessarily go up to force current under direct proportion. The rate of increase [ as opposed to brightness 
in the direction when force current is larger than the time when force current is small ] of a current is large. This is 
a property which is called gamma characteristics and seen also in the case of liquid crystal. 

[0161] Drawing 8 is drawing showing the gradation level-output current property of the current which the output 
circuit for gradation control for a current drive outputs. 

[0162] In the output circuit for gradation control for a current drive, in order to control gradation by combination of 
the unit current source using a current mirror, when the number of the current mirror sections which perform 
gradation control is one, the graph of the gradation level pair output current becomes a straight line. Therefore, the 
brightness of the light emitting device on a panel might shift from a setup. 

[0163] Then, in order that invention-in-this-application persons might solve this fault, in the current mirror section 
and the gradation control circuit of the output circuit for gradation control which are used for a display, by dividing 
into two by the side of a low and a high, when the output current was small, the current was outputted only from the 
low side current-output section, and when the output current was large, the current from the high side current- 
output section was added to the current from the low side current output. 

[0164] In the output circuit for gradation control of this operation gestalt, the output current from the low side 
gradation control circuit 59 which can control even one to 1 6 gradation independently is always outputted from the 
output section 64, and the output current from the high side gradation control circuit 60 which can control 4, 8, 1 6, 
32, and 64 gradation is outputted from the output section 64 only at the time of the gradation control exceeding 16 
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gradation. 

[0165] Consequently, the property of the output current is approximated to the gamma characteristics of a light 
emitting device, as the arrow head showed in drawing 8 . In the example of this operation gestalt, the inclination of a 
gradation level-output current property graph exceeds 10nA(s) / gradation, and 16 with 16 or less gradation, and 
even 64 gradation is 40nA(s) / gradation. 

[0166] Here, turning on and off of the switching circuit in the low side gradation control circuit 59 and the high side 
gradation control circuit 60 is controlled by gamma amendment control signals G0-G1 and the image data D0-D5 
which are impressed through a data-conversion circuit and a two-step latch. 

[01 67] Thereby, when using the output circuit for gradation control of this operation gestalt for an organic EL panel 
etc., gradation control as a setting can be perFormed. 

[0168] The output circuit for gradation control of this operation gestalt where the cure of such gamma amendment 
was taken is used for the display which used not only organic electroluminescence but light emitting devices, such 
as inorganic [ EL or LED ]. Moreover, it can use also for the printer head using these light emitting devices. 
[01 69] in addition — although drawing 9 showed the example of the output circuit for gradation control for the 
current drive of only one color — organic electrolurninescence and inorganic — since gamma characteristics differ 
for every color of R, G, and B in light emitting devices, such as EL and LED, it is desirable to prepare the multistage 
type current mirror section which has different output characteristics to the output of each color of R, G, and B. 
[0170] In addition, although the gradation-output current property was made to approximate to gamma 
characteristics in the output circuit for gradation control of this operation gestalt because the current mirror 
section which has the mutually different linear characteristic combines, more accurate approximation is realized by 
constructing three and combining the above multistage type current mirror section and gradation control circuit 
[01 71] - As shown in selection precharge control circuit- drawing 24 . in the organic EL panel, much TFT(s) of the P 
channel mold which consists of low-temperature polish recon, for example are arranged. Current 10 drawn in the 
output circuit side for gradation control from a panel by this panel If it enlarges, since a big current will flow also to 
TFT and an organic EL device, the brightness of an organic EL device becomes high. White is displayed at this time. 
[0172] On the contrary, if the drain electrical potential difference of TFT is made high, in order that a current may 
decrease, black Is displayed on a panel. In order to make a drain electrical potential difference high at this time, it is 
necessary to raise the potential of the source signal line 58 to near the potential of a panel. 

[01 73] However, there is big parasitic capacitance in the signal line of a panel, and in case it is a black display, it is 
necessary to charge this parasitic capacitance. However, since It was low a single figure and current capacity was 
smaller than the silicon crystal, the prompt black display was difficult for the mobility of low-temperature polish 
recon. 

[0174] Although what Is necessary Is just to enlarge the W/L ratio of TFT in order to improve current capacity, 
since TFT in a pixel is arranged on the display pixel, if a large W/L ratio Is taken, the fault that the numerical 
aperture of a display will fall will produce It. 

[01 75] In order to solve this, invention-in-this-application persons decided to perform precharge from a drive circuit 
side as a result of examination. That is. a fixed period was charged for the parasitic capacitance of the source signal 
line 58, and the selection precharge circuit and selection precharge control circuit for compensating the current 
capacity of low-temperature polish recon were prepared all over the output circuit for gradation control. 
[0176] Drawing 10 is the circuit diagram showing an example of the selection precharge circuit in the output circuit 
for gradation control of this operation gestalt. and a selection precharge control circuit 

[0177] As shown in this drawing, the transfer gate 70 which consisted of N channel mold MlSFET70a and P channel 
mold MISFET70b, and the output section are connected to the gate electrode of N channel mold MISFET70a, and 
selection precharge circuit 62a in this operation gestalt has the inverter 71 by which the input section was 
connected to the gate electrode of P channel mold MISFET70b. The source of the transfer gate 70 is connected to 
the supply voltage feed zone for supplying supply voltage PV, and the drain is connected to the output section of a 
gradation control circuit through the current-output node 77. 

[0178] Moreover, the selection precharge control circuit 62 has NOR circuit 74, OR circuit 75. and NAND circuit 76 
that outputs the signal for controlling selection precharge circuit 62a. In addition, these selection precharge circuits 
and a selection precharge control circuit are integrated by the chip as a part of output circuit for gradation control. 
[0179] Timing control of the selection precharge circuit 62a in this operation gestalt is carried out. and it is 
controlled by the selection precharge control circuit 62 so that image data outputs the electrical potential 
difference near black level on which only the first fixed period of 1 level period is equivalent to black level, for 
example In the case of 0-7. Thereby, when image data is close to black level, the parasitic capacitance of the 
source signal line 58 is charged beforehand, and the quality of a black display can be raised. 

[0180] Since the transfer gate 70 is controlled off. charge of parasitic capacitance is not performed at the other 
period. 

[0181] Moreover, since a precharge period can be alternatively controlled when the image data near black level is 
inputted if the selection precharge control circuit 62 and selection precharge circuit 62a are used, in a panel with 
comparatively small parasitic capacitance, useless power consumption can be held down especially. 
[0182] In addition, the output circuit for gradation control equipped with the selection precharge control circuit 62 
and selection precharge circuit 62a is preferably used also for control of the panel which has TFT which used the 
amorphous silicon. 

[0183] In addition, the above-mentioned function of the selection precharge control circuit 62 and selection 
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precharge circuit 62a is not concerned with the existence of the low side current mirror section 55 and the high 
side current mirror section 56, or the existence of gamma amendment means, but is demonstrated. Moreover, the 
selection precharge control circuit 62 and selection precharge circuit 62a are efFective also in the display which 
used light emitting devices other than organic electroluminescence. 

[0184] In addition, in the output circuit for gradation control of this operation gestalt, although the display 
nonunrformity of a display can be stopped compared with the conventional output circuit for gradation control even 
if it does not have the current piling control circuit 61, the selection precharge control circuit 62. and selection 
precharge circuit 62a. the direction in the case of having these circuits can make possible image display with a more 
high precision. 

[0185] (7th operation gestalt) It has the circuitry same as 7th operation gestalt of this invention as the output 
circuit for gradation control concerning the 6th operation gestalt. and the output circuit for gradation control (driver 
for a current drive) where the layout has been improved is explained. 

[01 86] Drawing 1 1 is drawing showing the example of reference of the layout of the output circuit for gradation 
control concerning the 6th operation gestalt of this invention, and drawing 12 is drawing showing the layout of the 
output circuit for gradation control concerning the 7th operation gestalt of this invention. In addition, the layout for 
which the example of drawing 1 1 and drawing 12 used two-layer wiring is shown. 

[0187] Although width of face is usually several mm. in order that the drive driver for indicating equipments may 
make size of the side edge of a panel small and may aim at contraction of panel size, the formation of small area of 
a circuit is important Then, invention-in-this-application persons considered the improvement of the layout of the 
output circuit for gradation control of the 6th operation gestall 

[01 88] In the output circuit for gradation control shown in drawing 11 and drawing 12 , the child (2nd step) current 
source LCCS of the low side current mirror section and the child current source HCCS of the high side current 
mirror section constructed one, and a next door and it are located in a line with the horizontal single tier by 16 
pieces in order for the object for R (red), the object for G (green), and B (blue). And from the child current source 
LCCS of the low side current mirror section, wiring was prolonged toward every 1 1 low side current output circuits 
LDRV. respectively, and wiring is prolonged toward every 1 1 high side current output circuits HDRV, respectively 
from that of the child current source HCCS of the high side current mirror section. Furthermore, from [ both ] the 
low side current output circuit LDRV and the high side current output circuit HDRV, wiring is prolonged toward the 
output-control circuit OCTL. 

[0189] Here, the grandchild current source of the low side current mirror section 55 shown in drawing 9 and the low 
side gradation control circuit 59 are included in the low side current output circuit LDRV. and the grandchild current 
source of the high side current mirror section 56 and the high side gradation control circuit 60 are included in the 
higK side cun-ent output circuit HDRV. Moreover, the output section 64 and selection precharge control circuit 62 
grade are contained in the output-control circuit OCTL. 

[0190] As shown in drawing 1 1 , at the example of reference of a layout, the low side current output circuit LDRV. 
the high side current output circuit HDRV, and the output-control circuit OCTL are R. G. B. R, G. and B to the 
order from the left-hand side of drawing. — It is arranged in order. According to this layout, like wiring which 
expressed with the thick wire of the right-hand side shown in drawing 11 , while there is comparatively short wiring, 
wiring which becomes extremely long arises. Moreover, it turns out that the crossover of wiring increases and wiring 
is complicated. 

[0191] On the other hand, as shown in drawing 12 , with the layout of this operation gestalt. they are collectively 
arranged by the current output circuit and output-control circuit which were connected to 1 set of the child current 
source LCCS of the low side current mirror section for R, and the child current source HCCS of the high side 
current mirror section. Moreover, the low side current output circuit LDRV, the high side current output circuit 
HDRV, and the output-control circuit OCTL are arranged in the shape of a matrix, the low side current output 
circuit LDRV and the 2nd line become the high side current output circuit HDRV. and the 3rd line has become [the 
1 St line ] the output-control circuit OCTL. 

[0192] The crossover of wiring can also be reduced when extremely long wiring which was seen according to such a 
layout in the example of reference shown in drawing 11 can be lost. For this reason, the wiring field of a before 
[ from the current mirror section / the output-control section ] can be reduced. 

[0193] In addition, although only the object for R was shown in drawing 12 , the arrangement to which only the 
object for G hardened only the object for B follows in order the side of the field shown in this drawing. 
[0194] Drawing 1 3 is the plugging chart showing the output wiring field of the output circuit for gradation control of 
this operation gestalt. 

[01 95] As shown in this drawing, when applying the layout of this operation gestalt, leading about of wiring to the 
output terminal from the output section (lOUT 1-1 1) of the output-control circuit OCTL to a display panel becomes 
long compared with the above-mentioned example of reference to leading about of wiring from the current mirror 
section to the output-control section being reduced. 

[0196] However, it is more efFective for area reduction of a wiring field to simplify wiring from the current mirror 
section to the output-control section, since the output-control section and the output terminal to a display panel 
correspond 1:1 times in the output circuit for gradation control of this operation gestalt to the current mirror 
section and the output— control section serving as 2:1 correspondences. 

[01 97] For this reason, when preparing three or more current output circuits for gamma amendment, according to 
the layout of the output circuit for gradation control of this operation gestalt, as compared with the layout of the 
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example of reference, the area of a wiring field can be reduced still more effectively. 

[0198] In addition, in this operation gestalt, although it was 176 outputs per parent current source, and per [ R. G. 
and B ] chip were doubled and the example which is 3= 1 76x528 output was explained, the layout of this operation 
gestalt is applicable also to the output circuit for gradation control where the numbers of outputs differ. 
[0199] Moreover, in case the output circuit for gradation control is used as a head of a color printer, the pixel to 
drive may be four or more colors, but if the layout of this operation gestalt is used also in this case, remarkable 
increase of wiring area can be prevented. 

[0200] (8th operation gestalt) The example in which the layout of the gradation control circuit 51 explained with the 
5th operation gestalt has been improved as 8th operation gestalt of this invention is explained. This layout is applied 
also about the low side gradation control circuit 59 in the 6th operation gestalt, and a high side gradation control 
circuit. 

[0201] Drawing 14 (a) and (b) are the circuit diagram showing the configuration of a gradation control circuit, 
respectively, and drawing showing roughly the example of reference of the layout of this gradation control circuit 
[0202] As shown in drawing 14 (a), it connects with two or more current mirror sections 52 which consisted of P 
channel molds MISFET which have the same component configuration mutually, and each current mirror section 52. 
and the gradation control circuit 51 shown in drawing 6 consists of the current mirror section 52 and a selecting 
switch 53 of the same number. And each selecting switch 53 consists of the transfer gate 49 which consisted of a P 
channel mold MISFET and an N channel moid MISFET, and an inverter 50. The output from all the selecting switches 
53 goes to the common output section lOUT through output wiring. 

[0203] Since the output current from all the selecting switches 53 will be collected by this output wiring, it is 
important for it to lower the impedance of this output wiring, when raising the precision of the output current. 
[0204] Moreover, as shown in drawing 14 (b). the example of reference of the layout of the gradation control circuit 
51 is collected and arranged for each part of the current mirror section 52 (CM), the transfer gate 49 (TG), and an 
inverter 50 (IN). According to this layout, there is an advantage of being easy to produce a mask, at an impurity 
diffusion process, an etching process, etc. of the semiconductor chip which integrated the gradation control circuit 
51. 

[0205] However, wiring had become redundancy, in order according to the layout of this example of reference to 
summarize the components in the location distant in the circuit diagram so that drawing 14 (b) may also show. Since 
the width efface of the driver for a current drive used for a panel is about several mm, by existence of output 
wiring and redundancy wiring which goes to hard flow, the width of face of output wiring will become narrow, and the 
output impedance of the gradation control circuit 51 will become large. 

[0206] Then. invention~in-this-application persons tried the improvement of circuit arrangement. 
[0207] Drawing (it is the same as drawing 14 (b)) showing [ the circuit diagram (it is the same as drawing 14 (a)) in 
which drawing 1 5 (a) shows the configuration of a gradation control circuit, and / this ] roughly the example of 
reference of the layout of this gradation control circuit (b), and this drawing (c) are drawings showing roughly the 
layout of the gradation control circuit concerning this operation gestalt. 

[0208] As shown in drawing 15 (c). the layout of the gradation control circuit of this operation gestalt arranges in a 
bundle by carrying out the current mirror section 52. and the transfer gate 49 and the inverter 50 which were 
connected to it. and it is arranged at a single tier according to circuitry. That is, supposing it calls a settlement of 
the current mirror section 52, and the transfer gate 49 and the inverter 50 which were connected to it the 
''gradation generation section", it has the form where the gradation generation section of number^of-bits **** is 
arranged at a single tier. 

[0209] According to the layout of the gradation control circuit of this operation gestalt, since each component is 
arranged according to circuitry, redundant wiring as shown in drawing 15 (b) is not produced. It becomes possible to 
expand the width of face of output wiring of a gradation control circuit, and to reduce the output impedance of a 
gradation control circuit by this. 

[0210] Moreover, since redundant wiring can be lost and wiring area can be reduced, the area of the chip which 
integrated the gradation control circuit can be reduced greatly. 

[021 1] In addition, the layout of the gradation control circuit of this operation gestalt is applicable also to the 
gradation control circuit of the type which performs gradation control by changing the value of the gate width/gate 
length of MISFET. 
[0212] (9th operation gestalt) 

- In the panel of a current drive method using a current piling circuitHight emitting device, there is contrast 
adjustment to which the whole brightness is changed as an approach of improving a display property. 
[0213] The circuit for realizing this contrast adjustment is a current piling control circuit. This is a circuit for 
outputting the current for carrying out piling of the output current from the high side gradation control circuit 60 
and the low side gradation control circuit 59 in response to the piling signals K0-K1. 

[0214] For example, in the output circuit for gradation control concerning the 6th operation gestalt, the piling 
current from this current piling control circuit is inputted into the output section 64 of a gradation control circuit. In 
this case, in case all gradation is controlled, piling of the current outputted from the output section 64 is carried out. 

[0215] However, since it was necessary to perform piling of the output current about all the outputs of a gradation 
control circuit, the current piling control circuit 61 shown in drawing 9 had only one of whether it connects with as 
common the high side current mirror section 56 as the high side gradation control circuit 60, or it connects with the 
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current mirror section 65 for piling circuits prepared separately. 

[0216] Drawing 16 (a) and (b) are the block circuit diagrams showing the example of the output circuit for gradation 

control at the time of forming drawing showing the current value-gradation level property of the output circuit for 

gradation control shown in this drawing (b), respectively, and the current mirror section 65 for piling circuits- 

[0217] In the output circuit for gradation control shown in drawing 9 and drawing 16 , although there is effectiveness 

of the current piling control circuit 61, the area of wiring or the current mirror section will increase. 

[0218] - Output circuit- drawing 17 for gradation control of this operation gestalt Is drawing showing a current piling 

control circuit among the output circuits for gradation control of this operation gestalt 

[0219] In addition, the output circuit for gradation control of this operation gestalt is used for the head of the driver 
for a current drive of an indicating equipment, and a printer etc. 

[0220] The low side gradation control circuit 59 where the output circuit for gradation control of this operation 
gestalt was connected to the output section 64, The low side current mirror section 55 for supplying reference 
voltage Vsti to the low side gradation control circuit 59, The current piling control circuit 66 prepared between the 
low side current mirror section 55 and the low side gradation control circuit 59, yes connected to the low side 
output section 64 — the side gradation control circuit 60 and yes — In order to supply reference voltage Vst2 to 
the side gradation control circuit 60 — yes, it has the side current mirror section 56 and the selection precharge 
control circuit 62 connected to the source signal line 58 by the side of a display. 

[0221] As shown in drawing 17 . the current piling control circuit 66 consists of switching circuits which determine 
turning on and off according to the current mirror section which has one piece and two current mirrors, respectively, 
and the piling signals KO and K1. 

[0222] Since this current piling control circuit 66 has the configuration similar to the low side gradation control 
circuit 59, it does not newly need to prepare the current mirror section the top where manufacture is easy. For this 
reason, the output circuit for gradation control of this operation gestalt can reduce area sharply compared with the 
output circuit for gradation control shown in drawing 9 and drawing 16 (b). 

[0223] In addition, it is only the output current of the low side gradation control circuit 59 that the current piling 
control circuit 66 in this operation gestalt performs piling. However, since the output current of the low side 
gradation control circuit 59 is always outputted from the output section 64, the fault by this is not produced. In 
addition, it is more important to carry out piling of the current which controls gradation lower than high gradation. 
[0224] Thus, according to the output circuit for gradation control of this operation gestalt, the contrast adjustment 
by the current piling control circuit Is easily realizable, suppressing the increment in area. 

[0225] (10th operation gestalt) The test equipment of the output circuit for gradation control (driver for a current 
drive) explained with the old operation gestalt as 10th operation gestalt of this invention is explained. 
[0226] The current per [ which is used for a current drive method ] 1 gradation of the output circuit for gradation 
control Is 10nA-20nA, and the current value of it which should be detected at the time of inspection is the same as 
this. For this reason, it Is necessary to transmit the minute inspection current outputted from the output circuit for 
gradation control to the semi-conductor circuit tester 79, without making it decrease. 

[0227] In order to solve this, invention-in-this-application persons considered changing and transmitting the 
detection current which is a very small current to an electrical potential difference. 

[0228] Drawing 18 (a) and (b) are the isectional view showing the probe card concerning the lOth operation gestalt 
of this invention for Inspecting the output circuit for gradation control for a current drive, respectively, and the block 
circuit diagram showing the cross section of this probe card. 

[0229] As shown in drawing 18 (a) and (b), the probe card of this operation gestalt The probe 83 which a top face is 
prepared on the Inferior surface of tongue of the substrate 78 which can be installed In the semi-conductor circuit 
tester 79. and a substrate 78, and consists of a conductor. It has been arranged within about 10cm from the root of 
a probe 83 on a substrate 78, and it connected with the highly precise resistor 88 connected to the probe 83, and 
the resistor 88, and has wiring prepared by penetrating a substrate 78. 

[0230] Moreover, on the Inspected wafer 82, the checking pad 87 (or bump) and the internal circuitry which was 
connected to the pad 87 and which is not illustrated are prepared. 

[0231] The semi-conductor circuit tester 79 has the comparator for comparing with reference voltage the 
inspection signal outputted from the inspected wafer 82. 

[0232] Next, the inspection routine using the probe card of this operation gestalt Is explained briefly. 
[0233] First, a probe card 78 is set to the semi-conductor circuit tester 79 at the time of inspection, and a probe 83 
is made to contact the pad 87 of the inspected wafer 82. In this condition, the current of a predetermined value is 
inputted into the pad 87 on the inspected wafer 82 from a probe 83. 

[0234] Next, the current signal according to the Inputted current is transmitted to a probe 83 from a pad 87. At this 
time, as shown in drawing 18 (b). the current signal from the Inspected wafer 82 is transformed into a voltage signal 
by the resistor 80 arranged at the latest of a probe 83. This voltage signal is transmitted to the semi-conductor 
circuit tester 79 through wiring 86 and the connection wiring 85 of a probe card 78, the jig which is not illustrated. 
[0235] Next, the voltage signal inputted into the semi-conductor circuit tester 79 is inputted into the negative side 
Input section of a comparator, and is compared with predetermined reference voltage. In this case, if the difference 
of a voltage signal and reference voltage is fixed within the limits, a product will be judged to be "success." 
[0236] Generally, compared with a current signal, it is hard to decrease a voltage signal in a transmission route. 
Therefore, the semi-conductor circuit tester 79 can be made to transmit the signal from an inspected wafer 
certainly in the probe card of this operation gestalt by transforming the current signal from the inspected wafer 82 
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into a voltage signal by the resistor 80. However, in the probe card of this operation gestalt, since the path of the 
signal which passes along a resistor 80 has the large impedance, it is desirable [ a path ] to take the measures 
against shielding so that it may not be influenced of a disturbance noise. 

[0237] In addition, as for the distance of a probe 83 and a resistor 80, in the probe card of this operation gestalt. it 
is desirable that it is about 1 0cm or less. This is because there is a possibility that a current signal may decline by 
the time it results in a resistor 80 when, the distance between a probe 83 and a resistor 80 becomes large too much. 

[0238] Moreover, although the probe card shown here is a thing of a type which inspects a wafer for every chip, 
even if it is a probe card for wafer bum-ins, it is preparing a highly precise resistor in the latest of a probe, and 
inspection of the wafer which has an output circuit for gradation control is attained. 

[0239] Moreover, if it is the wafer with which the circuit which has the function which outputs what [ not only ] has 
an output circuit for gradation control but a very small current as an inspected wafer was prepared, it can inspect 
with the probe card of this same operation gestalt. 

[0240] In addition, what was integrated may be used as a resistor 88 arranged at the probe card of this operation 
gestalt. 

[0241] (11th operation gestalt) the case where the range of the electrical potential difference which should be 
detected changes a lot in the inspection using the probe card concerning the 10th operation gestalt — the 
electrical-potential-difference value of a voltage signal — detection of the semi-conductor circuit tester's 79 
comparator — it may become out of range In order to avoid this, invention-ln-this-application persons examined 
improving the structure of a probe card further. 

[0242] Drawing 19 is the block circuit diagram showing the cross section of the probe card concerning the 1 1th 
operation gestalt of this invention. 

[0243] The probe 83 with which the probe card of this operation gestalt was prepared on the inferior surface of 
tongue of a substrate 78 and a substrate 78, The resistor 80 which has been arranged among on the inferior surface 
of tongue of a substrate 78 at the latest of a probe 83 and to which it was highly precise and resistance was set. It 
was prepared on the inferior surface of tongue of a substrate 78, and has the comparator 81 by which the end of a 
resistor 80 was connected to the output section, and the other end of a resistor 80 was connected to the negative 
side input section, respectively, and wiring (not shown) prepared by penetrating a substrate 78. Moreover, a 
reference voltage signal is supplied to the forward side input section of a comparator 81 from the semi-conductor 
circuit tester 79 at the time of inspection. Here, as an operational amplifier, what has a high input impedance is used 
preferably. 

[0244] Negative feedback was carried out to the probe card of this operation gestalt by the resistor 80, and it is 
equipped with the operational amplifier 81 by which the reference voltage signal was inputted into the forward side 
input section. Since gain (output voltage)/(input voltage) of an electrical potential difference inputted into the 
forward side input section of the operational amplifier 81 by which negative feedback was carried out is decided by 
the feedback ratio of a resistor 80, the range of a signal level can be stored within the limits of [ measurable ] the 
semi-conductor circuit tester s 79 comparator by changing a reference voltage signal according to the magnitude of 
the inputted signal level, concrete — the signal current from the inspected wafer 82 — ** — when small, the 
reference voltage signal of a low battery is inputted into the forward side input section of an operational amplifier 
81, and when the signal current is large, the reference voltage signal of the high voltage is inputted into the forward 
side input section of an operational amplifier 81. In addition, as an operational amplifier 81, what has an input 
impedance high enough is used. 

[0245] Thus, in the probe card of this operation gestalt. the range of the signal level detected by changing a 
reference voltage signal according to the magnitude of the signal current from the inspected wafer 82 is 
controllable. Thereby, it becomes possible to inspect with a sufficient precision more simply. 

[0246] In addition, since magnitude poses a problem, as for the operational amplifier 81 formed on the probe card of 
this operation gestalt. it is desirable to use what was integrated on the chip. 

[0247] (12th operation gestalt) What prepared the resistor for transforming a current signal into a voltage signal as 
12th operation gestalt of this invention on the chip which carried the output circuit for gradation control is 
explained. 

[0248] Drawing 20 (a) and (b) are the circuit diagram usually showing the semiconductor chip of this operation 
gestalt at the time, respectively, and the circuit diagram showing the semiconductor chip of this operation gestalt at 
the time of inspection. Here, at the time, the time of including the time of normal operation and powering off is 
usually pointed out. 

[0249] As show in this drawing (a) and (b), it be highly precise and the semiconductor chip of this operation gestalt 
be equip with the resistor 100 which be connected to the integrated output circuit for gradation control, and the 
output section 107 and the selection precharge circuit 106 of this output circuit for gradation control and to which 
resistance be set. the diode 102,103 for protect an internal circuitry from static discharge (ESQ), the switching 
circuit 104,105. and the external terminal (not shown). 

[0250] Explanation about the semiconductor chip of this operation gestalt is performed for every mode of operation. 

[0251] First, as shown in drawing 20 (a), while a switching circuit 104 is usually sometimes (at the time of powering 
off and normal operation) turned off, a switching circuit 105 connects a resistor 100 to an external terminal. At this 
time, it will connect with the serial mutually [ an external terminal, a resistor 100. and the output circuit for 
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gradation control ], 

[0252] Thereby, when high voltages, such as static electricity, are impressed from an external terminal, it becomes 
possible to protect the output circuit for gradation control according to a voltage drop operation of a resistor 100. 
[0253] On the other hand, as shown in drawing 20 (b). while a switching circuit 104 is turned on. at the time of 
inspection, a switching circuit 105 connects a resistor 100 to touch-down. 

[0254] Thereby, it is changed into a voltage signal by the resistor 100 before the current signal for measurement is 
outputted from an external terminal. 

[0255] As mentioned above, while aiming at ESD protection by sometimes using as a current / resistance for 
electrical-potential-difference conversion at the time of inspection, usually using a resistor 100 as resistance for 
ESD protection according to the semiconductor chip of this operation gestalt, high inspection of precision can be 
performed. Moreover, it is not necessary to prepare a resistor on a probe card like the 11th operation gestalt by 
forming a resistor 100 on a semiconductor chip. Therefore, in order to inspect the output circuit for gradation 
control, inspection becomes possible even if it uses the probe card of low quality. 

[0256] In addition, also in the semiconductor chip of this operation gestalt, the integrated internal circuitry may be a 
circuit which outputs very small currents other than the output circuit for gradation control. 
[0257] Moreover, a switching circuit 104,105 can also be established in a different location from the location 
explained with this operation gestalt, and just usually changes connection of a resistor to the time of inspection by 
the time. 

[0258] (13th operation gestalt) The 13th operation gestalt of this invention is related with the inspection approach 
of the output circuit for gradation control (current drive driver). 

[0259] Drawing 21 is a circuit diagram for explaining the inspection approach of the output circuit for gradation 
control concerning the 1 3th operation gestalt of this invention. As an example of the output circuit for gradation 
control, the output circuit for gradation control of the 9th operation ****** shown in drawing 17 is shown here. 
[0260] In the gradation control circuit of this invention, the magnitude of the output current from a gradation control 
circuit changes with the magnitude of the current supplied from a multistage type current mirror. By the multistage 
type current mirror used with this operation gestalt. since the current of the same value as the current which flows 
one parent current source is supplied to 1 76 gradation control circuits, if the current inputted into the multistage 
type current mirror section is increased, the current outputted from all the gradation control circuits connected to 
this multistage type current mirror section will also increase. 

[0261] So, by the inspection approach of the output circuit for gradation control of this operation gestalt. the 
resistor 69 which has resistance lower than the external resistor 68 is used. 

[0262] And at the time of inspection, a resistor 69 is connected to external resistance 68 and juxtaposition to the 
low side current mirror section 55. 

[0263] Usually, by a switching circuit etc., sometimes, a resistor 69 changes connection so that it may not connect 
with the low side current mirror section 55. 

[0264] By this approach, at the time of inspection, a larger current than the time of normal operation can flow 
temporarily, and can . increase the signal current outputted from the output circuit for gradation control 10 times. 
Consequently, the effect of the insulation resistance leak by the parasitic element or wiring material can be reduced 
at the time of inspection. 

[0265] In addition, according to the inspection approach of this operation gestalt. the example in which the external 
resistor 69 is connected to the low side current mirror section 55 was shown, but a resistor 69 may be connected 
to the high side current mirror section 56. 

[0266] (14th operation gestalt) As 14th operation gestalt of this invention, in order to inspect the output circuit for 
gradation control, the example which prepares a common latch circuit is explained. 

[0267] Drawing 22 is a block circuit diagram to show the path of the input signal from the outside in the output 
circuit for gradation control. 

[0268] When the output circuit for gradation control of this invention is used as a driver for a current drive for 
indicating equipments, an indicative data is inputted from a data input terminal, and after two or more latch circuits 
are latched to every bit eel (eel circuit for one output), it is supplied to each gradation control circuit. That is, the 
indicative data inputted from the outside at the time of norma! operation follows a path like the linea nigra shown in 
drawing 22 via the latch circuits 111a and 1 1 lb for normal operation etc., and is inputted into a gradation control 
circuit. 

[0269] However, when inputting for inspection of a minute current, supposing it follows the above-mentioned path, 
inspection time amount will become long. In case an analog current is inputted and change of gradation is inspected 
especially, inspection time amount will become huge. 

[0270] Then, in order that invention-in-this-application persons might shorten inspection time amount and might 
raise a patient throughput, it was presupposed that a gradation control circuit is prepared on the integrated chip to 
one common latch circuit 90 to the full power section on a chip used only at the time of inspection. 
[0271] Drawing 23 is the circuit diagram showing the configuration of the selection circuitry in the semiconductor 
chip of this operation gestalt. 

[0272] As shown in this drawing, the semiconductor chip of this operation gestalt is equipped with the output circuit 
for gradation control integrated on the semiconductor chip, the latch circuit 111 for normal operation prepared for 
every bit eel of the output circuit for gradation control, the common latch circuit 90 prepared on [ one ] the 
semiconductor chip, and the selection circuitry for connecting either to the bit eel of the output circuit for gradation 



JP.2003-283267,A [DETAILED DESCRIPTION] 



21/21 ^— V? 



control among the latch circuit 111 for normal operation, and the common latch circuit 90. 
[0273] From the common latch circuit 90. wiring for connecting with all bit eels is prolonged. 

[0274] The switching circuit is in the off condition so that this common latch circuit 90 may not connect with a bit 
eel at the time of normal operation. 

[0275] And a selection circuitry can connect now the common latch circuit 90 and all bit eels at the time of 
inspection. In this operation gestalt, the output from the common latch circuit 90 is connected to all 528. outputs of 
the output circuit for gradation control. 

[0276] Since it becomes unnecessary to latch data for every bit eel each time at the time of inspectionp this 

configuration enables it to shorten inspection time amount sharply. 

[0277] 

[Effect of the Invention] Yes. according to the output circuit for gradation control of this inventionp a low side, since 
It is divided and prepared in the side, the gradation control of a gradation control circuit and the multistage type 
current mirror section doubled with the gamma characteristics of light emitting devices, such as organic 
electroluminescence, is attained. Moreover, since arrangement of a gradation control circuit and the multistage type 
current mirror section is optimized, it is possible to stop a wiring field small. 
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±iBrtsi5ai«». 

IBtTf Hzil/iOBIKSWen. jiWnWt^CCKifBii 

•)'5^leI!S*'6©«#=&±tBt-y h-b-'i'tce* 

[ m^m 3 5 ] 3 4 ccia«s©Fiia*i)tajffla;tjii 

if •S|itili*i«aifflai;tl|nli«. 
£. 

±fa7-p-rr(ciaS0T±fB»S±{cSB®3ti> ±13:/ 
a - v^CcSi^S nT±iBm^©#5:^l£fI^K:^^-r ^ 

±^mtni^K.mm$ri. ±iBa«=s:KML.rs:we.n/c 
[§«^ 3 7 } 3 6 K.^(i>rmmwmmt)m 

±fB:?'n-^£±fBffi!Jift£©ra©]mgtA« 1 0 c mfelT 



3 8 ] «*^3 6 * /t«3 7 (CiBigOPiilSSlJ 
[M^^ 3 9 ] m^m3 8 K:§B$E<DFg3S$!l^ffitil:blil 

[ii*^4 0i 1**^3 6~3 9<o5%i»-rn*> 10 

{ClS«S<DFgiliflJta)ffltB*IlS§<Dl^S^g{C*3l,»-C. 

*jl2B#K:«. ±i2l^lCDffi!a«:i#^J«:^W?.n. ±12 
[0 00 1] 

ftisffl^s. F ^ >r I c <d«^s:^k:mt 4. 

[0002] 

«/T^^Sf», ^SStcDiiif^?rvh >;i7Xt^«:3fe-c. -^^ 

-Filnt-TransistoOi . >'<*;V©±T2«:?So-ri9:lt 6 
[0003] f^-f ''<*^Hf01S«^SI 
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«5^ftf8fcic; D -r iim©Sja^*^i b 3 if r c» fc. 

[0 0 04] CiliCfdL. ^^EL (Electro Lu 

nrinescence)*^3t3R-7-i L/-Cfll«,»/ciii»^^a©S 

10 

[ 0 0 0 5 ] 0 2 4 *«E L-'>'*;l/©fg8b:&^*3i 
[00061 raaK^T J: 9 (C. W8IE L/N'*;l'© 1 o 

T ({gjj^yBi^Tr ) (cttf&sn4:*r3rc*s. sev 
0 {cj«;D-r:j>7=>if^©fi?tKsa3nfcmi§f*53t« 

Fccjjgn^*. c©iEi6:;^«. gt?¥©^SF^-f''-« 

^^^■C4)^fcJi?>. ■(£S;}<<;'>';n>*^e>^j:2>TFT© 

[0 0 0 7 ] wtiEL>'^4^jw©2'?e©igili:^w. ^ 

:/^?*t?*.5, -'<*jl/±©i£ia'J<';2^l' :3>*^'=)^C-5>TF 

{cg|#Ji^/cmfi£Io <J:^Lt»^ijs*iTFT(cggn^. 
30 C©7?SK:J:n«. TFT©?#f4«6-^*4ffl«-rsc 

[00081 v-«n«&l^e8«cWt»E L''<*il'K:». 
R (sS^) > G (gi) > B (W) ©3fe©ili*355i2g3n 

iieR©ia-5 3©l^8«^*tnje6(c^Cori»5. 

[00091025(a). ( b ) ». ^n^tlJijS© 

40 *©sEigKifl9F-5'f^<©«ts*^-ria88S. scxsas 

gti©55^?rn^-r0-C*-5>. 
[0 0 1 0] IBIH (a) se*©SlI|gJ6 

1 1 1 2i. m^ffe^spi 1 1 2(c«^3n. ^t) 
gp 1 1 1 6 ^mri>mwmm^ 1 1 o i a . 1 1 o i b 
• •. 110 1, ( N«e«iiit) sifttcSi^stifcs 
sset*^! 1 1 ot. nisme^J&spi 1 1 2tmsK« 

$^1 1 1 OioraKlr^SSn. FU-f^iy- F^e 
50 idsStiCCSMStl/cP^^f^^l'SSMI SFET-C&4 
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^10?MISFET1 1 1 li. HICDMISFETI 

1 1 1 tmm^s.mi^siii 1 1 2 t<Drsicmi ^tifum 

lOy-Kl 118<fc. ^ICDMISFETllll© 

y-h^®cSiefe$nfcy-hA-fr^«if&i^i 1 1 5 
^mmEEim^-rtfc}t<o^^E.m&mm 1121 

miSmn^JSlHi^ 1 1 2 l±K:S:i:f6n. Pgi^ffriS 

SBi 1 0 1 a. 110 1 b ". 110 1. fc-en-etig 
iBi3nfcii?gimff«if6>'- K 1 1 1 7 i. ^mm^m 
Fill 7<Drascjf®s«a«*&^- F 1 1 1 7 

tmi<Dy-\^l 1 1 8iOra5C/hS3ilfciStrti*l 1 

mmt4 0 0-5 0 omss.<Df§iimws!i^m^x\i>i 

[0011] mi<Dr^mmmmmt)Mmcisi^ 
X. fsmumsiii 1 0 1 a. 1101 b-. 1101, 

[0 0 12] -r/dttjfe. 122 5 (a) iCTjkTJ^^itC. pg 
SSSiJffllSPl 1 0 1 att. V-~xifim=^icmm$ti^t^ 

icmmME-m^y- f 1 1 1 1 icmm^ntcmcp^ i- 

*Jl/M©^2©Ml SFETl 1 0 2 aS!>*l^3©M I 
SFETl 103at. SEESJR;^ -f 5^ 1 12 0a 
i. A;^g|5® ( + ) MiCmSMtR:^ -{■y^-l 1 2 0 a 

(-) fi'j{Cffi:^glJl 1 1 6*5g!i^5n/c:t-< 
r>:^1106ai, y-:^i)mi&(,c. FU-r>*i|R3 
©M I S F E T 1 1 0 3 a fC. F«e3W:t^T>-:'" 

110 6a <omt)^iic^ti'eri^ms ntcN^-t- ^fim 

M I SFETV$>i>mt}mh'7>iy:^^ I 1 0 5 ai. 
a:^ffliJh-7>P;^^f 1 10 5ai»3©MI SFETl 

1 0 3 aiwiijc/rsisn. ai:^>giJi 1 1 eicss^sn 

/clll©-/-K 1 1 1 4a<!:. :f-^T>7'l 10 6a© 

i±i:t)gu- mt)m h7>i;;^af©y-h msp^ i m:tni!'j h 

^>S^Xif 1 1 0 5 a -||2©v - FW*«iK-r -51311 
Pe^ic^Wen/c^P^iLffln^T^^if-l 1 19ai* 
WL.rt>5. */c. II2©MI SFETl 1 0 2 aRO* 
5j-'^T>7' 110 6a «Mt(rtil» 1107a 
II3©MISFET1 103a. I^l©>'- Fill 
4. i^B5il:«3>r'>-y--l 1 1 9 aSiyf|U:;t»i9h ^ 
1 1 0 5a.amtJ^^y7 7Slil 1 0 8 a*«fiR 
or CC-C. ti£3t»DFg9i$0^ 1 1 0 1 a{C«sl> 
Tf*. ^2©MI SFETl 1 02a<i:l^3©MI SF 
ET 1 1 0 3 a titmmSf}<^ifiM.{.>icm!i.hti. flo 

5»,»©y-hse*s^^K:y-hyWT;^«*ei^i 1 1 5 

i. ^Ur. J[ilt4ISS6-r^>/c*K:. |^3©MI SFE 
Tl 1 03 a*j«tl5^I,©7?3&*ll2©MI SFE 
Tl 1 0 2 a?:S£n5^Ix<tO*>:**< ?cS<t^«: 

[0013] Sfc. S£*©^i@*i|Sifflm:^jlsI{S«:*j»,» 
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■C. N<l©^^$IJ®g|J 1 10 1a. 1101 b-. 1 1 
0 1, -^n-eniacPgiBSlJSPgC l l O l a ilelD 
liI8S«fiR*#L.ri»5. -eur. ^2 ©MI SFETl 
10 2a. 1102 b --. 1 1 0 2,Raf^3©MI S 
FET1103a. 1103b-. 1103, ©y-h 

«s»-tn^tiy-h.'-?'^T:^«*&«!i 1 1 stcg^s 

nrt^s, 02 5 (b) (c^-Ti^K, y-h.-^'-fTx 
^igi 1 1 5*>e>cn6©M I SF ET©y- 

SMI SFET*5:t>K:!&:.5J:^tC, SC^K^U 
10 C»SIE*iEflttl3tiri>5. 

[0 0 1 4 ] '^^(Dmmmmmmtimmvit. m 
-iiicjto rmn-r 5 c i *S"e # 5 v u 4^ tJ-^iffl 
mSfeititiSn-C. ?ffiS-^«mEL*fflt,>fc/<*;U{cffl;^ 
[0015] fete. mg£«#ii;^:^©WlaEL>'^•*J^ 

tcffli^ e>n-stit*©mii^«iffl©pgii*riaiffla*iHiss 
la 2 5 iCTikLfc'^mummmtiMm)^mm& 1 

20 10 la. 1 1 0 1 b -l 1 0 1,*. '^»a»S©D 

- ^fdietiPg^f"- ^» tCJc.D/cAlr 3 ©S^3!i«T F TS 
CJniifRfc«*&3n. ^t«E L>'N-*;i/-c©|iglS«^%^I*B 

[0016] fete, C©J: 5 feSdfelgttffl©Fgii*fJ®ffl 

aij:}simt. mmE L>'^•4^;^ffl© -^>'^•<!: L/t:/ct:fc 
fe < . >f iiE©a:^jsgB©'^' F i fcfuffl-r -5 
ci*s-cir.s. mr. *fSEL©^?ffe6-r. ^te^EL 

■?>LED (Light Emitting Diode)*fflCi/t^^ilgflB 

[0 0 1 7 ] ;x^c. m^mm&W)m<of§mfmmmt> 

[00 1 8] 026 (a) . (b) ». ^n^^l^iifelg 
K=&^f»rffill. RCKe£*©7'a-7':*;-F© 

KB^^-r-^'a 7 d'lHiKiar**. 

[ 0 0 1 9 ] |510 ( a ) {c^-r J; ^itc. t[£*©m^iii 
ffl©|!iS3$iJ(5PfflUl:^|518§©<^|«B. 1 
40 52©-^s»F1153 tCiffiWJT^^n. TffitC^S 
tt3&>6fe-5:/p-:/l 1 5 5**-r-5:^a-^*- F 1 

15 6*. ig^iJSIEStiffl V'^-i ^-^iii^^li ^titctHik 
a-Jx^M 1 5 l©±tcigSbrtffe^. 

[0 0 2 0] :B:»fl«)tCtt. 132 6 <b) tc*TJ:5U:. 
•;7x/^±^c^:^:^e>nfc^^ffi>'^• f F i 15 4 (XB-'O 

yt.H- 1 1 5 2<D^y F 1 1 5 3 3&>etfe2ffi«SK«:Sa 

L. ^©fi«:«i^^>->7*.6aj:^33n5mss*<^w-r 

50 [0 02 1 ] W«EL3'^-<:t-F©^<tt. fil*&3n-5 



(7) 

n 

/>-^ol/K:*it>-C 6 f hOPSm (6 4I^Si) ?r^-r-S*i 
lPilliSfc»)©«SSWl 0~2 0nAgS«:^c6. 

^©/c«). ¥^^r-;^:>- 1 1 5 2«. 10~2 0nA 

[0022] 

t-r-SSS] *-r. H2 5 (b) ifi lo 

«, m-(ov§i^wm^tii 1 *(Dmaimff«*&i3^ 1 1 2 

®l,»{afi(C*S^j!S«BE#l*S>'- Fill 7-CWttif&3 
nSSE*5t5ta^l 1 1 3^ci'<D?¥?5EK:J;<9^TL.rti 
fc. cntCjfctL.. y-h>'-«'fT;^^J&ifigl 1 15©«lfiL 
»{4StCj:?>r— S-C*Sfc8f>. IB2CDM I SF ET 1 
1 0 21SlXfn3<DM \ SFETl 103(D-y-h-V- 
xracC*>*i^mjIV«s«. Sj^ma^J&gP 1 1 1 275^6 

©Kilt{cj:r>t:«6oi,»t:u*5. 20 

[0 023] mt>^^ y-yy SP©^Ei5±ffl 3 >7= 

©isiii{cj:oT«6o#. ta:^7aiJjj>6m^js*iis«E«> 
[0024] ^<DfcA. u^msmMim<ommpmm 

a:*Jlil?8S:?SaS/cWWt»EL-'N'*Jl'K:ffll»4ti^, D 

ffi©^^j^{cA7A5ar ^^©^i^R-^dseco-rii 

[ 0 0 2 5 ] ^j:*J> C©J: 5 i&^aS!mE«if&i3^©mff 
|«TK:J:-5:^^«. SE^ffl©^i9J<I®ffltU:tJ@88 
<h@<K©«t&£« •5{i£5l(©Sii!ElEB(iffi©Fi3l$iI(S)ffltti 
:^Iil?8K:te I, >T fca ^ o 

[0026] €£5^Sd^Sbffi©^iS$<ltSi^ti]:blilf@r 
it. io©m8£as*>e.5f7u>h 5-5-*ffli»Tifi«i 7 
6 <i©m*sp(cms£*«»K $ n -5 . c (Dmt)W^(o i 
*<±gB©F§sg*ii®giJfcA*$n-s*«. c©w:tims£fcw 
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[0 027 ] 'i^t3^<D^i&mwim<D^mmmmm:fj 

|51K©:^a:^;ffi«:*jl^r«. ^WT'SmSSffi**! 0~2 
On AiSlt/hiifcJbtC. 115 1 

.^>^^/-l 1 5 2i©P^-C^mil-^3!)^mL-CbS^i 

K 1 15 1 ^mmim 1 1 5 s . ^Atr^igi^i^'cfcS 

[0 028] :*:^?g©gfi<3«. «^g-¥>m:;^J$lg«:ffl 

-5 c i . SCf mffiigiiiffl©|ii^SfliaifflU:^3|5|SS 
*«l2r -S /c8?>©¥^e?:Se|-r -5 C i «:* S . 
[0029] 

[p^^jKi*-r-5/ci&©#f2] *i%ia©ii 1 (D^tmm 
t . ismmmmi^^mcw^i n/cn i ©m^smff^ 

it&ieSli. ±gBmjgifiEtt*&g|5K:SM3n/cll2©Si!S 
n^t-y-hSe^^f-S^lCMI SFETt. iMsm 

1 ©^asmjiftt&iBi^tc^iKs n/ci^ 1 © h ^ > 

4^tJm:^-'^'2'7rg|Ji. ±feii2©mm£E«*&K^ 
tcSi^tSn. ±iBmi©h-5>y:^^'ifttc*U>h 5 
5 - ^mmt^m 2 © h 5 >J^X $ ^Sr^tf MttlHSSt 

wr ■5.ffll^®pgp$lI^alaJ<!: . ±Mm i ©m i s f e t© 

±fB^l©h^>i^X5?t_hiB 

iir2 © b ^ >5>xif tca£n■5s^fe**o^w•r•5fc^t>©-'^M 

[0030] C©«fiK«:J: 0 . MStilHlKt Hi:^J-'^• r 

g|j©-en«'n«:®gf«)E*«a&-r-5;fcj&©iEig*s<i«ij{c 

law 6n-ct^-5©-c. ^ 1 ©SiS^He^lBi^rtRCXm 

^(Ofcib. SiSm)E«i^lJ*^6©iS]^©M(cj:-:>r 
^D-s^i ©F5>t^xi»aiy^i^2© h7>t;^x^©y 
- h - V-XKimiESfcWy- h - K u-f >p^mffi©« 

B&@K=£SSn-5SS£©«?>o*«>m6n4©7:. @iig 
S0ffiiSlJ©sa:^jSP3&> 6 Hi:*j 5 n *mife©« 6 -3lr 

^.nS, Sfot:. *:|fel9©Pgia*lJ®)fflHi*lHl88=S:«^« 

[0 03 1 ] ±iBSl©F-7>i;xi»i±fB^2©F^ 
>i?xar i W^K:±IB^^''^ TX^il&I^KSIi^Sn/c^- 

[0 03 2] |gatr^{C±IB^l©F^>i?X^r*ife*aS 
msaw. ±iBlir2©F-7>J^x3»*ijSns^J:>5 4>:^ 
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[0033] ±immfmmt. fmfmm<Dmm^± 

[0034] ±faMi6ll8g». A*a5*i±iBma3l!R;^ 
J: ») SIR $ nfefSEfi-^omSS^iS*! 5 -S C t *s-C * 

[0035] mzo^mmmt. ±iaii2©«i®«*& 

1©MI SFETt«^*S|^D<«i4''-«-fT;^fflMI S 
FETti^^lcm^. ±fe<«*4>'>VT;^fflMI SFE 

[0 03 6] ±^&mm'mEEm^s^K.mmsti. ±120 1 

©MI SFETt^*«:2ID*fliJ*U>h5^-«:«J!E-r 

•5I^2©MI SFET*$e>(cm. J:IEIR2©«SK« 

«:raG*SS©M I S F E T*»?>fltEg3nfcSt:f^J* 

[0 03 7] ^^m<Dm2 (Dmmmmmiiitimmi. m 

jgi^iifi^*&gp«:^3n/cy- h^^r^-r 1 ©m 
I s F E T ±s&mmmE.^i&w^icmm$tifii h ^ 

icmrn^ n. ±faii 1 ©m i s f e t <t^msf*si5 dis 

^n>frXfflMI SFETi;. ±fBII 1 ©M I SFET 
©y- hmSi±f2MI4''^*'fT:^fflM I S FET<Dir-' 

©''^* T :^ i *m r ^ . 

[0 0 3 8] cntcjrf). A^T:^^m{c*jWS^{4 
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i*K:m$^)snr(,^2.©-c. ^asmBE«*&i2^«:^f4-r 

[ 0 0 3 9 ] ±13 h ^ lyi^xi^it, ±ia-'^-f t;^#»&« 
(cSiKsnfcy- hmffi?:Wr-5M I sfet-c*-5c 

10 [0040] jb§B%is%s@ii^(cSi^$ ti. 1 

©MI SFETi^{C3i|f3^iI*U'>h5-5'-«:^^-r 
-S»2©M I SFET%3?>K:<i^. JiielS 2 ©^iSfi^ 

icmommmo^M i s f e T*^6«^$n/c^w^{ii* 

■5,. c©/cfe. pgia*fliaigi5©m:^jSPtcj:sii6ofr*3 
[004 1 ] ±tEisi»©iig3s$gia)Si:». m%»D@M©D 

'J>4rSci*©ia:f3ilS©:^';>*-^^» KiO-r^ls^n 

[0042] ±^m^<Di^mmmmt:. umm^^tft. 

30 Jib©. ilESjgiSJE^t&v-FfcJtu-rSi^tcifej^iJtcS 
-gpicSi^ 3 titcm^<om^:^ -i-j^t. iieifer ©s 

©^7j^a^ai;^$|gK:ffli,>?,n^|iifl$ili5PfflHi:t)|5|8S 

[0043] mmm^fm-r^fc^vz. ±fa*u> f 5 
^-g|5«. -g-n-eiil. 2. -. M/2ffl©m»K:|alD 

tccfcti. fiS©m>mss£*instSD/A3>>'<-3»*ii^ 
[ 0 0 4 4 ] ±sa h 5 «. m.^ix.m 

4Wr-5)M I SFETt?*f3. MPgp*$l]®-rS/c8t) 
{c. ±fBS*u>h 5 7-giJ*>6©m;^jmiStt, ±iBM 
I SFET©y-Hli©-y-hgtC*r-r'5JtU:J:»)3iS 

[0045] ±fBFi^*liaigP». h 5 . 

50 ±fa*u>h3-5— Sl5K:S^snfciBll^©h5>;^7T 



(9) 

IS 

[0046] JiiB h 5 51 ». ^t»cra D^ms!^ W 

[0047] fgKiB#cc±ia^ 1 <D h -7 >V>:^dt^mn^ 
[0 048] ±fa|!giB*IJ®SiJ». Fgp*IJ®ffl©mE*J: 

[0 049] ±iB^ttlHl^». A:t»SI5*s±iBmEEjSiR:^ 
S nfc^^T >:7'*ffL-C 1^-5 cite J: 2X7--^' 

[0 050] *^(0SI3 ®|5ii9$iJfflifflffl:^liI8S«. « 

■r •5ft:*©aiB[<Di^p*«aisiJi t:c> s. 

[0 05 1 ] C©1«fiRtCj:«3. ^ia^*U>F5^-* 
ABC » -5 C i -C. ^laSfliSPSiJCC A:^ 3 tl ^>m8£Ofii©ti h 

S3SiJffliffl^S£*Hl:^j-r S/-cst>©^?^©P§iS*iIiaigU*(i^ 
-ct>.5cit?> Fiia*iJ®ffltH:^7[Hl^©a;'3mS£©^ 

ttJCifi^KSit^CiJ&i-Cti. c©#gm. *^©Piiia 

[0052] ±iaiatsj©Pii(i*ij®sp*>6©ii§is*iJ®fflm 
ia^ia*ij®)fflms£©ffl*^t>-a-=sr^^ sfc«>©a:^$ij'<ai 

tcsufflirsci^i-cirs, •€-©ie*. *^?§©Pii@siJffli so 
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[0053] ±sB%t!^©FgS3$iJ@3i:». ±£^©^99 
FgillSilffliglJi. JbiBn-ffliJ|!iia$iJaiSi!<t 0 feilil^FiiS* 
S:^3!7U>F5^-g|5«. ±faa-jiijptia$iJiSigBK:}g^ 

lc^*>n-5Ci(CJ:0. FiP8*flffllfflm*|5IK©tH*«SfE 
©Ittt?:. ^3fefR^©Tl#14{C^»K:jaiHS-l*SCi*s 

[0054] ±iBffi:t»«fliapSU»> PgP3So&s0f3£<ii«T© 
±ia a -fiij^igsiiffliSBJtp 6 ©±f BPtiasuafflssiEtctti^ 

T±gB>'> -<l!"JF§PI*fl^a5*'6©±fB|iiPISi|{SPfflmS£=&ta 
[0 0 5 5] il>^c<<!:«)5S^. iHl. «©3fe^J©±ffia- 

fflfj^sic* u> F 5 ^-SB. ±f^-'^'^^!^^m^* u> f 
5 5 -sp. ±fB a -^IlJ|!gi^8^^J^alg|5Ro'±fB>'^ -y jwpgiasij 

iSpgPAil^— ©5^-y::^tcma{b3nrc^.2>C<btcj;D. 2^ 

df©:/U>i?-^-;» Fibr&ffl<,*6ti5J;5tc^cS. 
[0056] ifBP-WJ^^ISS;* U> F 5 ^-sptita 
fflj^©^* U> F 5 -^-SPi W 1 iia-r-3Sl>CcB!|® 
l/riHgsn-sti^sK:, tf:^FiS]{cM^©felWcciegs 

^©sc* u> F 5 ^-apRc;±f3''^-r^l'J^as;* u> f 
5 ^ -sp© 1 fcg^i^s n/t±iau -wptnf iJiaiSB. 
±iB^^ ffiij^pi$0iaiS5Ry'*±i3Hi;ti$fifflJSiJ«@«>T Eg 

[005 7] ±fBFgii$fliiiSPtt. * U > F 5 ^-BUi . 
±iB* u > F 5 ^ -SPtcSilS nytlSSi© F ^ >;^-7 r 
-y- F SiL^-r 1> £ ^m-r siiiR;^ ^ 9^ i * w 

•r.51glS©F§P^g|5*«L'T*j'3. ±ia*U>F57 

-gBSyf±iajit»?;^ f ^'{i. iiBSi^p^gpc:^ (c 

lag-r-SU-^T-^; FtCi:h'^-r:^U> F 5^-g|J£-Y>''^' 
-3r©ra©5tS'&:iEili«:fij«'rSCi)!iirif. IBi^am 

[0058] is±if*iiiaJis^£Jifa''Wffli^esi*u> 



17 

[0059] ±ffiP-fiiJ^^* U> h 5 ^-SBi±fa 
a -ffliJPgP*iJfflig|5<t ©rate . ±f2a -ffliJpgp^JjaiaJOW 

[0060] ±iBfKSig±lf$(ISII18S«. *(l«8l-r SligSI 
[006 1 ] JifBffi:^*iJ{aiIiIK»> i4S|J©m^|g«:^^ 

T"'; 5^+- swings <t. *^7=-5'Cc)t;i;/c^f-/5>5'$iI 
^tc J: o r-5e»ira±iffiS!R7- y 9^ -t- - i^^lS?: * > «: 

y 5^ -f - t^HSSK: cfc * 6 *^ D ««>^^ b-c *j < c £ *i-C 

Sd< 'J->'J 3>*>6^c4TFT3&Si3g5n-Cl»S*l^{C 

[0062] :^mi<DmA(Dmmm&m\iit}mmt. ^ 

^^mmi-^Kl^-r SfcS?)®ffi!nft <!: AT I > ^ . 
[0 06 3] C<DmrS.VZj^K> . }H^t&tf^hmtlikli> 

l^t^aE^tf ^ C i *s oJtE <!: * . 
[0064] ±iSSInmc«M3 n/cX W 9^|51gS* $ 

»iB#{c». ±iBffij;i^**±iaii-g|5S8^K:i*Lr±iBrta5 40 

?t t/ r±f Bffiea<*«b ±iB^g|^^^ <!: /i i J: ^ {c 

3!P6A;^3n-5)®j£fi*SlM-r^C<!:*s-C#2.©-C. 

[0065] ±iBrta5|51K«. ^1^* U> h 5 ^-SC 50 
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[0 06 6] *^^©m5 (D^mmmmmtiMmt. m 
^© t y h -fejutrwr ^.ig!^©pgfas(iaigiJi . ±iBf 5» 

±iBai^«pf^ffl7 7f^lil8S*>6©M^%±iBeb h-b;!. 

fc»©Sll?liI8S i «r« C » * . 

[0 06 7 ] cntcj:^. «l2B#K:Jjn;St6nsfi-^»lS 
tSc©^5'5^[HlSS«rigS-r-5!£:^7&iia:<>&:S©t:'. t^lSNF 

[0068] ±£%IS©PSS^^S6CcSI««EE«#^-r 

[0069] :4c^^©l>iSI$(ltaiffitli:^Il%©«l^$IS 

±IBSffi©TlD±k:a:W6n. i!>&< ifeifil^lSc-f 
x^^*>e,©«8S^t#*S^f-Sfc«>©> m»ifihfji^-:fn 
±fB:/a--?-(ciaSt.t:±ia»«Lh«:ffig3 

[0 07 0] C©«fi£KJ:0. ^St^OX''^*^e.m>* 

rmsfi-^tc^gs-r -s c 4 j&i-r * -5©t?. s«Em#*?« 

S § ii-S C i ilk < 7- X $ - (CiiM $ -B- ^ C <!; -5 . 

[007 1 ] ±iB7'o-:^i±fB«tt<*<b©M©I®ll*s 

[0 072] ±.U-:fn'--:ft<cnhX±.tZim.Wtm\v: 
SliK^ti. [a:t>SI53&«±iBJS6ift*:^UT©fflIA*g|5CCg! 

t^-i; x>'%*i6©M-^4-f-;^ --C^atcSJ^-C* -5 i: 

[0073] ±iB*'<T>:7*©iEWJA;t»g|IK:«. JblBf^ 
^ e m:*? $ ti/cai»^EE*« A:^J 3 n 5 c t J: 
Ov IS*l*'5x-'N*>e»©W;^^^fii©ffiH*5J£<.^ifi^T 

wm'ms.^mtzch'c. •?x-'^35P6©^i#*s 

[ 0 0.7 4 ] ifBSinmJ^ffl^fcSn-CC^iCiCCj: 

K> . *^?g©«i3^g*^a{cll3l-r 5 c i *s-c s . 

[0075] ±fB:t^r>7-tt^a{b3nTI,iSCi{C 

cfco. *^w©*iaiig*ssK:i^-r4ci*s-c# 
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[0076] :^mn<D^mpmmiiitimm<o^:m: 

[00771 C (OamiCj: K> . «^^{C»ie«aEaS{CA 10 
[0078] 

[^Bg©iiis©?f^,« } (1^ 1 (ommmm) *^?^©» i 

[0079] -'mssmm<ommfmmm±m^<!ym^ 20 

S 1 «, *^B^©ll 1 ©llitJfJM(c^si^p$iiaifflUi:*) 
isiK©^sR*n^-ri5iggs-c * i> o 

[0080] mmK.Tjk-TJz'iiC. **ifeJg<S©PiPi*IJffl 

spi o£. ^msisi 0 ^s^sE^M^ 1 2 ^©fa 

fcP^^ + ^wl/MMI SFET-C*^lff 1©M I SFET 

1 1 <t. 01©MI SFETl 1 iSiSSIEe^SPl 2 30 

t<om'tcw^vfit>tifcm 1 F 2 35.0*^2©^- F 

2 4i. M8tilElS§7a. HEEjlK^XW 9^ 2 0 a , 
>'N'2;7rSB8 aS.O'a:^jS|5 1 6 ^WT ■5)Piia*ll®SP 1 
a. lb -. 1, (N»SI») mi©MI SFET 

©y-Fm@K:ggi^3ti/cy- ^^^•'^•T;^«^&^l 5 

i. »l©-^-F2 3i|iiia$lJfflJg|Jl. ©U1:^>'-«2'7t 

sp 8 a i ©ra*^ 1/ . ^f§mmm^<om:fd^-< 

■Sfces!)©m:^78BflBm)im*&*g2 3 a 
SUla. lb". \n.x<omti^^vy rWAcW^itttc 40 

^ 1 ©«aii«)E«^ y - K 2 5 i . mtium^mku 

23a©^^. l?l©'§?!SmE^*&^-F2 5-111© 

y-v'2 3 ?sis.c^&m 1 ©mas^ffi^i^^ - f 2 5 raw: 

:A-I9:3nytm©ffita**2 1 ^2©>'-F2 4iFg 

mwimi. ©^I5iss7» i©ra*s^L. spgissfl 

@lSP©M«)@SSK:^2SmiI?:«t&-r4/cJi?)®Mtt|5ISgffl 
mEE^i^2 4ai. ^I518SfflmiI^iS2 4 a±{C 

isiten. i)ss9$ii^SBi a. lb ". in.^o>mmm^ 
icmm $ nfcm 2 ©iii!S^EE«*& >' - f 2 e i , MBttia 

KfflmiIfiW&iK2 4 a©5 ^. S^2©mi!afiBEttt&^- 50 
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F2 6 -m2(Dy- F2 4raRCXSM2©m?S^IE^*& 
^ - F 2 6 fS(<.:ftm $titcm2 ©ffijaft 2 2 i r 
lo©KSB*OfflIfflW*llK«4 0 0~5 0 0{lg 
S©PilS*iJffligi5=£<iA-C<,iSJi^*«^^C^ 

jKgg©p§issijffiiffla;^isiK(t. ji^pi— 5^ 5' ^'rttcma 

[0 08 1] */c> gint*^ 1 (DmKW2 1 Raf»2 © 
ffiti^2 2». U-f T-i? Fi?©SHK:J;«3^^Uifc4>© 

[00821 -|igia^SPSP©«fiS- 

*:^sfifl5«s©iiifa«fjffliffla:^iii8g©Fiis*<i'(aisi5«. se* 

©mmSttflBF^'T-'^iPl^tCM I SFET^fflt^/c* 

[00831 01 K^K-r J: ^fC. ^iSMSPgiJ 1 a \t. V 
-X*5|| 1 ©magSffi^-'- F 2 5{C«^3n/cP5^ 
•f 4'-;l'M©m3©M I SFET3 ai> v-;^*s||2© 
>' - F 2 6 Kl&m 3 n:^c P 5^ + ^> ;UM©m 

2 ©M 1 S F E T 2 a i . mffiiStRX >f 5^ 2 0 a i > 
TJjgP© { + ) fliJKlMIBSJRX ^ 2 0 a IfiW^^ 

(-) ffl!jfcm:^aJl 6*s«iK3tl)fc:i--4T>7-6 a 
<b> y-X*SSifeK:, FW''f>*5^3©M I SF ET3 

ate. y- Fmffi*s*-^r>:?"6 a©ai^jgptc^n-en 

glBltSnfcN^f J^^l'MM I SFET-C*5ffl:*}ffl'JF^ 
>s;';3^df5 ai, tB:^j{|JF^>i^;^i»5 a<!;M3©M I 
SFET3 ai©FaKg:Wi=,n. Ws^gP 1 6 (CSH^ ^ n 
fc^3©^- F 1 4 i. ^•^T>7"6 a©ai:^jSIJ-a:^J 
flij F ^>i?;^f 5 a©y- FSfiBMia:^)^) F 
^5 a -^3©^- F 1 4P5>&S^-r^ffi^PBl4ca:W6 
n/t^P;5±ffl3>7'>-l?-l 9 ai*WL.T(,»S. 
[0 0 84] »2©MI SFET2aRiyfaJ-^T 

>:/6 a«M«lliISS7 a4«)?Sb. II3©MISFE.T 

3 a. I|3©>'-F14. ^E6±ffl=>>7=>1f 1 9 a 
"SlU&JjM V ^ >i^;^ 5 a \t.W3'^ ^ 7 r 9158 a 
fiSL/rt,*S. CC-C. :*^*feJgSS©®^*II^aJl atcfc 
«,i-C«> |?2©MI SFET2 a<tl|3©M I SFET 

3ai»m»w^*sai.>icfi5^e.4a. flom*©y- 
Fse*s5ir>K:y- FM-^r;^«*&Bii stcss^stiT 

*Sg?^SI©|igi)iSi)fflifflai;^lilKK:*iC»T. nWDrnmU 

®gpia. lb-. 1, ». ■en-en±j^©pgiHSuaisiJ 

1 ail5DlelKfll(!E4WL-Ct>-5, -eiy-C> m2©MI 
SFET 2 a. 2 b-, 2 .SlCI^IIS ©M I S F E T 3 

a. 3b--. 3,©y-Fiie»-en^ny-F-'f-fr 
^«#&«ii 5tc«iK5nr«,»5. y-F^WTxwf&jii 

1 5*'6^2©MI SFET2 a, 2 b-. 2,SCXI^ 
3©MlSFET3a. 3b -. Zn<Df-VnW<cm. 
l^5ti««BE«-^©fifS«:J:e-rsSI3i;-C*»5. Cti 
?>©M1 SFET«^B#=|->t^m!^Co-tl<»S, 
[00851 >i4J. JiiT©*l3*fflS't'-C. ^sSifliaigR 1 

a. lb-. i,©-5-n-en*E«9L^cc»-c«-rfiS{c» 
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rpgis^ijfflisis 1 J i^iai/. ^^mmmi <omfSMT-c 

*^Nffl©^2©M I SF ET. m3(0M I SF ET. 

SFET2J. r||30M I SFET3J . rffl:t)ffli| h 
5J . r:t'^T>:7'6 J . rmE^X'f'? 
^2 OJ i^fBTS. 

[0 086] -'mmm'0^(Dm^- 

[ 0 0 8 7 ) ST. |i§lS*iI@lfflW;'3l5IK©igai^K:tt. 
H 1 ©«aS^Efi^ y - K 2 5 Rt?^ 2 ©^j!f.^l£e^*& 
K2 6 3&»6-€-n-e'ni»2©M I SFET2SCJf^3 
©M I S F E T 3 (cati«:ai3!^Ut^fii©1ijS^li*sW 
t&^nS. -rSi. }«7P>h5-7-liIlf8*J««6bt:m2 
CDM I SFET2RDf^3®M I S F E T 3 Kli^tl-e 

nm^ I i&of I ^f^m.txi>, r^i^^ mt)^ i e tcs^s 
< aj: 6 J: ^ ^c^^s n-c*5 »3 . :^mMjfm-c<ctmm> 

I , : SiJK 1 2 <Dm(Dititi^ 1 : 5 i ^j: ori» -5. 
[0 088] — SEESiRX -< y 9^ 2 0 

5» 5^2 0-CilJ?Snfcjg}f;SIE=fe«SSEiiitiT-5. 

'^T 6 ©tH;^«r^^^t brt» -5. 

[0089] tc5-c. pgis^aajspi tctecj-cij. 

life I, ) <!:Hi;^^^'y7Tg|J8*SSn■S®iS<!:K:J:•^^m 
U*^L/. M«6l51SS7fiiJ^S£n^)mSE». mt)^'^ 
-7 rSB 8 ffliJ^SinSSSKJ: 0 /JN? < ^ o riiSfc*. 
:j--t r > 7' 6 ©a:^3mij£©:^# 3 tc j: o r ^^Eftitffi 3 
>x>-9-l 9CD^m8#r^l*5^<3'S. ^M^Jhffla^T'^ 
9©3t^B#P^*5^t>'2>t3h^T>:/6<0;^^l'-U- 40 

h ffim.it u . a:^?SB 1 6 (cg^ 3 n/c:MiSf'^03*£S^Pa 

t^it-ri>, Mi6IiIK7ff.iJ5:SSn-5mS£«. ^2<DMI 
SFET2CDy-h-V-xra^BEV«5i {CJ:o-r^{t 

(0090] -m^(DmsMK}m y''y^^^t<Dmmi^.- 
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[009 1] C ntc J: 0 . :*^JS}^SS©FiS3*«iiPfflffl:*J 

©fc*. «®Sffi«*&SBl 2*i6^i>fil[aK:*4»i© 

mj!SmE«l& ^ - K 2 5 JtD^'S 2 (DMU^K^^ ^ - F 
2 6 fCfct^-SmUP^TAiffll^^n. m 1 ©mj!g^BE«if& 
F 2 5 SlC^I|2 ©«jSSII«*& V - F 2 6 ©(4SK: 

[0 0 9 2] *JlifiJf5^©P^iSSflai^m*laISSW: 

•r— 5e'C&S©-C, l|2©MI SFET2®y-F-V 

-;^ramiIVcst ©(*6-:3^t>Px.6n-5o C©/ci!t>. 

^iHiss 7 *ssn-s^S£(*m®^iifi^*&sp i 2 6©ie 
- F sic-r s c t ft 

[009 3] tJe^T, *IISfeff$^©F§IS*ll®ffltb:^[HlSS 

<i:*it?*-5©-r. ^A^©^tl»s^s^^•*^^•^>SEStr 

[0094] /i*J. :*:j|JS}^S8©PiP»)ffllfflm;tllillS-e 
[ 0 0 9 5 ] ^cfc. **igJ^^©P§P*IJaJfflUi:^3l5|SS 

«. ^sfgibF^-rAiL-cffit^ensflk. miitcj:o 
pgp*^5ns-3'u>d'©-^-:' F^tcfefflt,>e.ns, 

[009 6] *jliSJgSS-C»MS£ I , : mSS I ,© 
fii©m3:*«) 1 : 5 K.1SM$ ti^ifi. I , < I . t?*ti«S 

S£fii©J:h(C!^{c*fl|lBW*t,». 

[009 7] *iiisjesg©FfiE3S<itaiffla:t)iass{c 

*sl»r. F5^-ll?S*«lJS-rSMI SFETt 

U-CP5=-i'*-il'aMI SFET*m»e)tifc3&i. CilCC 
f^^rN5^ + ^-'l'MM I SFET^ffll^r^>J;t^ 

[0098] ^c*i. :^:mmfm(om^mmmiiit}m^ic 

*Jl>-C. |lg||$IISI>g|Jl{C^$n-5MI SFET©RbO 
{CnpnM©-'W^I<-^ F^>S^X^*Ml»SCit?. 
^fgSdffl F5'^^^'^-r*C<!:*l-C€^*. 
[0 09 9] (m2©^J^jS) 02 <a) . (b) 

«. ^n-?'iT,*^^©i? 2 ommmmi^m z> mmmmm 
^tsm^ <^|g^bfflF^-Y''^•) ©^fiS^^i^-riiissa. 

[0100] ^^^f&<omsMmim<ommmmmmt> 

08S». y-F>'-«-^TXfit*&i®l 5©Sti:K:<^4}^fc 
•&SCiK:J:»). S^2©MI SFET2SC;fS^3© 

MI sFET3©y- h-y-;^Fa^ffiv,,, mfw 

[0 1 0 1 ] B2 (a) «:^-rJ:^{C. *^^©^2© 
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1 2 i . mjsmEE«*&g5 1 2 icmms n. mttsi^ i e ^ 

W-r6^l9$<l^§l!l a. lb-. 1. (uitmsc.) ^ 

^*&g|510ai. ^l©^fi£#tJ&S|Jl Oaim?gi®3Efi* 
f&gpi 2i©raK:/J-^3n/cKL"f>iy- 

CDM I SFET 1 1 I|1©M I SFET 1 1 tmm 

l^m^^ 1 2 <!:©raK:^W6n/c» 1 CD>^- F 1 8 

<b. — S®«S£*«it&TSfc«e>©*2©SSS«t&SP3 1 10 

stM I s h^>2^;^5»t?*SM«4>'<>fr;^fflMi sfe 

T30<b. ^lOOMISFETl 1 CD^- hmSiMI4 

/•«WT;^fflMi SFET3 o©y- hSffii*a(r>«:g 
tiSLS^^f^T:^mMi SFET3 o©y-;^t*m»{c 

FtiHSiJiapsRi a. lb ", 1, tc-en-ens^sn 20 

fc'mm^Km^y- f 1 7 i, f 1 

7CDKIS!>*m«ff«i^^- F 1 7 ilS 1 F 1 8 

i©raK/r^34a/cffi!rt<*l 3 i^rfflf^rCiS. ^c*s> 

[0 10 2] >5:*5. ffiM>'^•'rT::^fflM I SFET30li 
mi(OMl SFETl 1 tlUD^ISM^cetf P5^i'^>Jl' 

[0 10 3] sfc, *3Ufiff$m*j(,^-c, ^fsmwsui 

it. Ml©^ifeJfJMilSI-©<i(t£?rWL<-rc»^o 
[0 104] ■r>S:*3^. E12 (a) fc^fcfc^fc, PiiB 

mky- F 1 7{c«i^^nfc^t{cP5^f ;^;^soll2© 

MI SFET2 aRi>'ll3©MI SFET3 ai. ^11 
StRX-Y-^5^2 0a<!:. A:^)^© ( + ) WiC^SiR;^ 
^ -y^ifi^m^ii.. (-) ffliJtcHii^JgPl 6*ig^3n/c 
:j-'^T>7'6 ai, V-;^*5^Jft«:. FU-Y>*5||3CD 
M I S F ET3 aic, y- h^@*52j-'^T>:^6 a©Ui 40 

:fti»{c-en^*aSSK3n/cN^+4^ji/SM I sfet-c 

*-2)m;^jffliJF-7>i^^i'5 ai. Ul;^fflr| h ^ 5 
ail^3©Ml SFET3 ai©Pa«:^>a:3n. till^jgp 
1 6ec«i^3n/<:Sr2©>'-Fl 4i. a|-^T>:/6a 
©{U:*jSP-ai:^ffli]F7>i>xi?©y- h^ffiPa<!:tH:tilfJ 
F-5>yx3?5 a-m2©-/- Vm^^^-TimmftC 
g:W64T.fc^BSi±ffl=J>-f>-9- 1 9 ai^^UTl* 
5, l^tc. m2©M I SFET2 aRiyf:i-^T>-7 6 a 
»^tt[HlSS7a«r#fi£L. ||3©MISFET3a. II 
Z<Dy- F 1 4. l6JiEi5±ffl3>f=>-9- 1 9 a.RUmt) 50 
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Jil F ^ 5» 5 a »m:^3^-« 2» r» T aJ8 a L/-C<,> 

[0105] 4^^Sg©FiilS$<l13iffim:^liI^1tii 

m2©iiSK^^gp3 1 i&zj^mm^<-(r:^mM i s f 
ET3 o*itaite>n-rc».5.^{Ccb-s, cnK:j:n>-c. 

T-Ci»Wr4J:5lc. «iSSEE«*&>^- F 1 7©«ffl^ 

TtCior, l|2©M I SFET2SDtSI3©M I SF 
ET3©y-F-v-;^ra^ <V«„RC^V„.) 

[0 106] Sfc. «i4/<-fT;^fflMI SFET30 

*^g©t6{'^'*i. ^{C:t>t^g|<!:iftoTl»a. -€"© 
fc*. T:^fflM I SFET30©F U-OWJ© 

«agSIE«i^l 2®SfilE56«i!>&< t i>imi^ 

fflM^-t-rrXfflMI SFETSOCFU-r^iy-Fm 

ffiittSu«:g^^3nri»-5©-c. MM>'>v5';^fflM I 

SFET3 0©y-Fmffi©S{4tt. »1©MISFE 

Ti i©y-Fmffi©m{4J:'3*>e<'a-5Tii-5. -e© 
ft:s&, 02 (b) K:m-r<fc^(c. y- F^-s-f r;^^ill 

1 5tC««®SJI«*&8|51 2*>P»iltl4K:«g-,-CSfii*l 

3^^©|itia$iJtaifflffl:^»iHiis-c«, y- F^wr;^«*&i6a 

§^©112 ©MI SFET2Siyf||3©M I SFET 3 

©y-F-y-:^p^m)E (v.sxRo'Vos.) 

[0 107] cnfCjrO, ^®mBE«mi 2*>fe.©iS 
fK«:Kto6)-r02©M I S F E T 2 ^mtl?>^& I . © 
m^mi—^ictictifi-c^. *'<T>:/6©x;i'- 

ifejfjfig©p§is*fJiaifflffi:t/iHiss{cj:n«. ■r-<.-c©i®pa*(i 
ispgp 1 ©m:^»gu 1 6tP'bi^—tj:mm.mm-ri>^Kmn 

4. TFTROTiigRK:«*&-rsc:<!:j&injtitc^t€.o 
[0108] Sfc, *ieteJ^S8©Ft^*iliaifflai;^[ilSStc 
*5l,»-C»> ;^|5IK7{cm®mi£«r^-r*/cJt)©BSi^ 
i m:h^^ yyrms tC«jg(«E«:#ai&f i /t:8!)©E«! i 
*i^BfSnrti^a:l». ^^4>'^*'^TXflBM I S FET3 O 

©ffia«mEE«$&^©HaKtt:'^r#fS«:/jNS i>©r. 

3is3llrfe}^^©P§ii*(I®ffla^7lHl88»> ^l©^JgSI© 

(4 0 0~5 0om:tj) ^m^. >'^•*;^©ffli^SP^ci3S 

Stli. ■€-©fe«&. ^ttF^-f/f©M8l**/hSC>Ci 

[ 0 1 0 9 ] ^^^.^©PiN$0'^lgm:^[l%(c 

ifi. ^t((cmaf.mEei*Si2«43&»6e^3n-2.©-r. fiK 
ftl 3©ffitnfii©tf6-:>lri&i'K:J:6-r. 1 -3©p§i@*il 

©SB 1 rt©^@K 7 ^ TgS8 -en-en 
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[0110] £(±©j: 5tc« ^mm&m<D^^mmmm 

[0 1 1 1 ] S/c, :^^W6J^^©PtSI*iWfflUl:^[Hl88 

[0112] Ajrfc, *»fej^gg©pgia$fjap;HUi:^j|lK«: 

^jUiSMI SFET*fflt>r«>J:C», -S-OtB^tCtt. ^ 
1©MI SFET 1 1 <!:<S$4''^'■Yr^fflM I SFET3 
Ofc^{CN^-f ^JPMMI SFET{cm«<fcl», cn 

pjLr<omMimm(>c%i>mmmumiiitim^ic^^^x 20 
[0113] :^mmBm(D?§mmmd^ 1 «:*ji,>-c 

fc. I . : I z<Dm<Ottitm 1 : 5 (CS:S3n-6 

[0 1 1 4] :^mmji^m<Dii§mmmmm-t)mim 

■r4fc«>{C»2©«i3fe«i|i&SIJ3 lRCX««4'''<-fT;^fflM 

I SFET3 0?r^Wfcd^ CtliCR^X. m^MS.^. 

iksaiztitmLi'tcmm^^i:. »i©misfe 
T 1 1 ©y- h mm<om,iiLJ: *) ffii>«a«w-r s<gsE 30 

[0115] ^£fc> ^:x±'Cimmmy&mmtimmc'oi,^ 

7-*W-r-S«i!fi*nmMD/A 3 f«rffll»-5 C i 

t?. mSSK: J: S l^iaffltai^rtTJte ^ )td?>©Ki9fiIiE)fflai:^j 
BK^H^-r-SCiJ&i-Cit^. C©*i^-C«>. ^D/A 
=i>/-?-5'*fllliW-5MI SFET©y-h-y-;^M 
mjE*i5t»fc^L.< /cC-:.ri>-5©t?. m;^m?3£*— S«: 

w«ELM•4^;^RiytMtiEL>'^•;^;^ffl©F7-^>'^•-^. l 40 

|g«iffl©|iii)S*iJi5PfflttJ:ti0SSKoi,»riif^(ci^^a-r-s. 
[0116] (|?3©|li6?^Sg) 3|i:^M©»3©l|]teJ^ 

©lligff^<SK:^^F§3llM{S)ffim:t»[li%=S:ffi«^43ii /c «> 

[0 1 1 7] 03 *^?g©S3©llife?^SS{c:«KSS 
SIE8ii^©PSPI$ll@Pffiai^li]!S©fltfiS«^^lilgg@-C^ 

•5. Ajfc. i^iRi:jf|S2©iiiSj^^iii^csR^ac;f|5i8S 

Hi. 2<!:i^D??#4^4l/-C*S. SO 
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[0 118] 03«:m-rj;^K:. ^tm^<D^mmm 
1 2 K^Sisn. ^abii8S 7 . sffistR;^ ^ 9^ 2 0 . 

ffl:'jA5':7rgl58RO'Ui;bgPl 6 ^*-rSN<l©|!§^*lJ 

ms!^it. mmvzmm^ti, -5E©ssa*ei«&^*/c* 

©^ 1 ©S86«*&SP 1 0 a ^ 1 ©^«m 1 0 a 

tmmms.^'Sfi i 2 1 ©f5k::a-s;$ f u -<> i y 

- FSS<b*iSl»(CSiK$n/cP^i'4'obMM I SFE 
T-C*-501©MI SFETlli. 01©MISFE 

T 1 1 t«iBmEEfiM&sp 1 2 i©ra«:a:w en^fcsr 1 © 

^-F2 3Si>'l^2©y-F2 4t, — ^©mS£€:fi**& 
■r'5fcat>©IS2©mS£#fet&g|53 1 <!;. V->^*i^2©« 

«e«t&sp3 icc^sn. Ku-f>iy-FSffii*ss 

t,HcgM3n/tP9^i'^;UMM I s h7>e^:^i't?*-5 
1^4-'^'-rTXfflM I SFET3 Oi. Sri©MI SFE 
Tl l©y-^S@<i:^^>'^VTX«MI SFET3 0 

©y-FS@i*SiK-rsy-F-'-«-fT;^«*&iKi 5 

»2©>'-F2 4<tffll4>'<'frxfflMI SFET 3 
4a<!:. ^«l@85fflSffi«l^«2 4 aiKSW^n. S 

lisftiBiK 7 icmrn^ tifcm 2 ©^®miE«if& - f 2 e 

m2©^-F2 4tl|2©Sigi«BE«l&-^-F2 6 

i©faRiyfSi?2©«i!amBEei*&>'- Fra{e:swe,n;t 

Slnf*2 2i. ||1©^-F2 3iN#S©l»3©MI 

s F E T 3 . t ^mm-r -5 mti^mms.mfi&m. 23a 

a;'3SI5fflmiI«if&m2 3a±K:^W6n. 

v7rU8 icmms tifcm 1 ©sasisii«*& >' - f 2 5 

t, |^1©^-F2 3i»l©^iSmff«$&^-F2 5 

i©rasD^s» 1 (ommi^&mi^y-- f 2 5 p^«:a:t:t 
n/£:«tn[f*2 1 <t*iiAri»s. ftte. i!g^^aigiJi© 

»l©^?f5^.<!:|5l«t?*6, 

[0119] ^?:miBm(ommMmmmtimmicisi.^x 

snscitcj:?). mj!s^iE«it&spi 2*^p.ac^{4acc 
i^>ntcm 1 ©mi^.^«*& ^ - F 2 5 SL?>'m 2 ©^ 

jS5Sff«*&^- F 2 6 ■C©S®«ff©I^T*'hS < 

[0120] cticcjn^v :^m]m(om^py&mmji 

fiSStl-CC»S. Ctl(Cj:»3. 02©M I SFET2Siy= 

i^3©Mi SFET©y- F-v-;^r^mEEVc5,&iyt 
[0121] ^o-c. ^i^mimfs^<oi§mmmmijM^ 

Xit. ±a©2o©^fiS©tB^^mu:J:'3> FiiiSiJffiiSR 
l©fiJS{Cj;6-r. ah-^r>:^6©;^>»U-U-F«:iO 

SI©FgiS*fliBifflm*|51K«:J:n«. ■r^r©|!iia$iJffligiJ 
i©Hi;^SPi 6 3!pe)tB:^$ti-5§iiSfe—Si-rs 
rir. fii5-^©3tmB#p^4-S(c-r5ci*i-cits. -e 
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[0122] 4 (D^ff^-^S) » 1 ~ 3 ©UliSJg.^© 
pgia$iJSl!ffla:^lHlSSK:*j(,>r. ^20MI SFET2(C 

[01231 cnfcsto. :$mmim^<Dfs^^mm:h lo 

im^-^^ T^fflM I S F E T 3 0 ffiiJklSW^ffll* F 
5 ^-@IS4 3 m 1 OSii£«*&g|I 1 0 a *i6« 

J; 0 «^4>'N' -Y T ;^fflM I S F E T 3 0 ffliJ 

DiS^Ri:jf|18S«:tt, 03 il^D^*#l/-r*i. 20 
[0125] mmicm-rjz^ic. *^js»$3^©FiPM®i 
ffla:^7isiifs». miismff «itsgp 1 2i. ^mma^^ 

ffi:^/^-.'7TSiJ8RLKui:^3aji 6^m-ri>iim<omfam 

0 1 ©SdSfl^&SR 1 0 a tSjgimEE«*&g|5 1 2 t<D 
m^tifcP^^^^fi'm.Ml SFET-r^^HlOMI S 

F E T 1 1 i. mi ©M I s F E T 1 1 tmumKm^ 

F24i> ^t{CN5'i'^Jl'SM I SFETr. y-h^ 
@lBl±*i5W^K:SiKS n/c^ 1©5^-MISFET4 
3aRy:^2©5^-MI S F E T4 3 b JtPe^fiSSn 
SSW^flB*U>H 5 -5-151884 3 FU-r>*«»l 
©5 -^-M 1 SFET4 3 ate. y-hm@*501©M 

I s F E T 1 I ©y- hSffiw:. v-;^*im?smffiffi*& 
SBi 2{c-€-n-ens^$n. »i©mi sfeti li 

m4©M I SFET4 1 V-;:^*i02 ©N5^ -f 
MM I SFET43 btCgS^Sn. F U-/'><i:y- 40 
SiJ&SStr^CCgiKSn/cP^ + ^^l/SMI S F-5>t?X 
i'r*-2>M*4''WT:^fflMI SFETSOi. lll©M 
I SFETl l©y-F^ffiiM*4''^VT;^ffiMI SF 
ET3 0©y- F«®i*Si^T-5y- F>'<-fTX«#& 
mibt. ^2©^-F24^ffll4^^''fT:^fflMI SF 
ET30©V-Xi ^S^-r ■5.IIS6B!«fflmffi«*&)^ 2 
4 a i. SttlHlKfflmii«ifSII2 4 a±{ciJW6n. S 
^PSS 7 (cSi^S ti/cH 2 ©HiSSE^i^ y - F 2 6 
i. 112©^- F2 4ill2©^iSmBEttl&-'- F2 6 

i omRi^^m 2 ©misimiis^js - fp^ijcisiw enfc 50 
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ffi!rt{*2 2i. 0I©^-F2 3iNSa©^3©M I 

s F E T 3 , <!: imm-ri>mtiumms.mi&m2 3 a 

i. W:^38Pffi«E«i^ie2 3a±{ca:we,n. ^mt)^^ 
y 7 T gp 8 tcSSI S ti/cm 1 ©^aii^lI^JS ^ - F 2 5 
i. HI ©>»- F 2 3 illl ©«j!Simii«^^- F 2 5 
iOIBJRDfSH 1 ©S®SE««&-^- F 2 5 IfflKSl:? 6. 

n/cffi!n<*2 1 i^rn^rti^. s/c. mmmm^Ko 
^mtm 3 ©3ijfeff$^i i5«i-^s> 
[0126] :mmmm<Df§mmmmmt)mmt. 

^»^mti w>F5^-i5iss43i> mi <Dm.mm^^ 

I 0 aA>6fifef&3tl-5^*^ffi-r-5/c&©m4©M I 

SFET4 1 i3!)SSW6nfct>©-C*«. 

[0 12 7] CCX\ i}U>h i^~=&miS.-nmi<D 
M I SF ET 1 1 il|4©M I S FET4 1 t»m>tc 
l5|-©^^^«fiS;MDf(Cli«6«J#tt^W U-Cfc 0 . » 1 © 

5-5-MI SFET43aiH2©57-MISFET 

4 3b iim^i<cm—<Dm^m!S.Rzfnfm^^^^v-c 

i^S. ftl^t:. :*:||;te0^©liiia*iJ®iffltiJ:^7lilK{c*st<^ 
■C. IIH©MI SFETl 1. H4©MI SFET4 
1. 01©5^-MI SFET43aRO*IS2©5^- 
MISFET43b ©^n^*i»fiS«lMi«-CW)f'p-r ^© 

t?. WKDW^m^i 0 Biiphmtitii^t. m 

2©S^-MI SFET4 3b*Sfen4SSfei«iafSa[ 

[ 0 1 2 8 ] i/c. 1 o©>'^•-^ TX|5I8g-cffigt©fitnft: 
lil?S{c-3esSfe*«if&-r-5Ci*ii5Jt6{CJ&:S©t?. 

[0 12 9] cn^cjoii-c. mijSSi^?SL::^{cj;n 
tf. ffiJnt*{cj:SSEI^T©^S*Sl*-r«:mSS*^i5 
•r-5Ci*i-C#-S©r. flJigmE^SCl 2*^6^t»{4 
m (^mmgttgin/clig) (CiS:We.n/cH2©MI S 
FET2 (S/c«Ml6leIffi7) «:#fet&Sti4mjSS)Ei 
Si!5«ff«l^ 1 2 *i e>air*{4SfcS:W 6 n/cl^ 2 ©M 
I S FET(C«t&3tlS«iS(SEi«:fSeLa<«5A-SC 

[0130] comm. :^>^mfSi<Dfmmmmmttm 

gg-CW. H2©M I S FET2©y- F- V-;^Pa^GE 

V« s . 12iph ommK. j:P>-r. 

— Stcft-oTfeD. :i--^T>:?'6©x;l'-W-hfcsa 

[0131] tj:is, :*:||«SJ^S|-Cli. 

S!ltapSPl©ia«:*U> F 5^-llK%SW. :^T©m2 
©M I S F E T 2 CcmSSSWS Ul^-cmSS^^J-iB-r -5 
ci*>t?^-5. c©«^«:». ffim*i:A:^< AjS/c*. 
|IBR{C»S®mJi«if&gU 1 2j!»>6ib©WiaCi||2©M I 



(16) 

29 

s F E T 2 K«mffi:»ia:^-c^agmff *:a-i2b . 

2*^6Jt^»t»S2CDMI SFET2K: 

[0132] imb<ommm^) *^i«©ii5c?)^j^ 
[0 1 3 3 ] 05«. :tim^<Dm5<Dmmm^icm:i>m 

[0134] 05lC7n-rJ:5K:. :*^lifi?i5SI©|iiiS$Uffl) 
fflai::^}|Hl3S». «jffiSffitt*&SPl 2i. •^igSffi^SB 

ts#g-r-5N<i©itia*ij@i[Hi8§5 1 m&icmm^titc 
m 1 com^s^aj 1 0 a mi ©msSWJ&SiS l O a <t 
1 2 i ©la tc^s 3 *i/c F u > <b y- 

h^@i*55l^«:^g)K3n/cP5^i'tOl/SM I SFET 
■Vi>i>miO>Ml SFETl li. moDMI SFET 

1 1 tmsiWE^Bi 2 t<DfBiicm»htiftm i<oy 20 

- K 1 8 i^K:N5^i^4^;l'MM I SFET-r. h 
mSP)±Amt>(cg?igS3n/c^ 1 ©5 I S F E T 

4 3 aS,Uf||2©5 7-M I S F ET4 3 b*>P>«RR3 ' 
n-SSW*WJ*U>h5^-I1884 3i. KU-f>*i® 
1 ©57-M I SFET43a{C. -5^- hMSA^IS 1 © 
MI SFETl KOir'-h^^ic. y ~ :^f)imm.ME.^ 
*&aJ 1 2 K:-5-n-etl«Jg5Sn. » 1 ©M I S F E T 1 1 
ifttC^i K> ^ffJ* U > h 5 ^-=&«)3S-r S P 9" f ^-OUM 
©»4©M I SFET4 1 F U-T >3&5^2©N5^ + 
*;l'S!M I SFET4 3 btC^iggSn. FU-/><!:y- 30 
Fmffi<b*SSC^{C«iK5tlfcP5^-f ^-^^UMM I S 
i;'J^^t?feS{®M/'<'fr;:^ffiM I SFET30t. ^1 
©M 1 SF ET 1 l©y- ^m@^«^4>'^''^T;^fflM I 

s F ET3 o©y- hmmt'^mmtiy- f^wtx 

^A:2&©milS(mE^j^iQ^4^. ^mS^i^iE^4± 
m?SSJI«*&^- F 1 7 F 1 7 

orsiSiifMmMS.mi^y-' f i 7 ini ©-/ - f i s t 
©HIK:/ra:3nfcfi!ai*i 3<!:*m-cci5. 4o 
[0 13 5]*fc. 06{C^-rJ:'5(c. ^PPSPInlSSS 
1». v-;^*smtlS^iaE«l*&^-Fl 7(cSiglsn, a 

5 7-355 2 i. S«SfE*nl!tffl©*U>F 5^-gB5 2 
©Fb-{>fflDK:-€-n-etig;we>n. tB:'3W*iSi'^K:^^ 
^n/cjltRX-f -^9^5 3<t> !»5^5 3©m;^iiJ 

tcs^sn. m;^7mij£€:«*s-r5/ii«>©ui:^»gP5 4t* 

[0 13 6] iSfc. m^»ffl©*U'>F 5^-SP5 2 

it, m^icmtiiicmmstitcp^-f^imMi SFET so 
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*>P>«fi£3n-C*5»3. 6tf -;» F©Pgi0 (6 4F§i9) ©ti 

-e-n-eni, 2. 4. s. le. 32<i©P5^i'^ 
^usMi sFET3!pe»«RS5nt:(,»i. ^ur. sn?;^ 

'f -;'5^53»> N5^-f *Jl-^MI SFETSO'Pg^i'^^ 
;l/MMI SFETifi^tj:^ F r— FSP4 9 
<i: . m:^3llij35i*N JVmA I S F E TJCgtS? n/c -f 

5 3ti. JHiCT'^iJ^fJUT^-^SfL,. L,. -. L,{CJ: 

*U>F 5^-aJ5 2%«RS-r-&MI SFET»St»tC 

^e^!^s*sm6nTi>'S©r. 3it»?;^ -< v 9^ 5 3 

:i->©m^«:»> •Sd£ljai[ffl©*U>F5-7-gP5 2© 
SP?-1'*-»I'SMI SFET(Ci:t»(Clftl»««E3!iSifen 

[0137] c©«E£(cj; 0 . :^mmm(r>mmmm 

mts&k^is\,^-c\t, 6 4ji»3©A#3©li^*Hl:ftSP 

5 4*>6#ti^&-r-5ct3&jpitEtc&o-ci^s. mr. 1^ 

4 ©Ifefef J®-Cgi?g /c J: 5 . *||JfiJ^SI©P§P$iJ®J 
fflHi;^3liIIB©l^»Jia)IelK5 1 rarwtB::^giJ5 4 A^eW 
:^7sn5«8Ka©«e>-o#*s}q)i6n-ci,»«©-c, 2|s:|i 

i6}^!!g©PiPI$iJfflifflUi:t)lHl8S=&ffli.^n«. W^EL. ^ 
«E L&Of L E D^©1iS£IBStl©l63l&*-?-^ffll<>/c>'<* 
Jl'©l«illftiWI51Sn.5i*{c. ^A-5©ffliSiJ€>^ 
313 n-5.. 3;/c. *SliSJ^!|g©PgPI§iJiaJffllil*lsI8S=£C 
tl 6 (D^^m^^m I i U > ^Jr ©--^^ y F KfflC i -5 C: t 
(CiO. .EP?:A^©:i>«£l»7*>>>a»^rl^-r5Ci*«-C 

[0138] ifc, ^mmmm<DV§mpmm&timmc 

SK|gtftffl©l^»JSPffltti*lHl8S. *>St,^«mE^«)ffl© 
|iill$«aifflm:^I18SK:J:b-^r ^ T'-y- -< X^^/Jn-T c 

[0139] &i±<D^m-Cit. 6 4Ftia4J|31-r ^.PtlS 
ftfJISIffla:^lHlSS©m^L/^c*^ nl^fF (MPiia:M 

= 2" ) ©pgisa7n*^-r-5fcj?)«:«. -en-em. 

2. M/2{i©MI SFET'&W-rSSisSinliCffi© 
* U> F 5 ^-355 2 * 1 o©Fg|i$IJ®|5I?S5 1 CC^W 
niiJ;t». ccr. MWiE©<Sf^r* 0 . 09^«. 
iS^^©PiS9$II'miIK 5 1(C 6 4 ji© P ^ -f ^JVmtA I 
SF ET*«-rsm?j£ftlSffl©:^7U> F 5 7-gP5 2 * 
3 eiCSW'SC iT. 1 2 8^ia©KPi*^*SoJfigK:tt 
■5. 

[0 1 4 03 *lliSjeS{c*Ji»t:«. ««E«D»ffl 

©*U>F 5 5-S|55 2©MI S F E T©M^(Cj;^t: 

bf-y Fl»&/c«3 1-5©M I 

sFET*aw. ■?-n6©-y-F*i (w) /y-Ffi 

(L)©fii^l. 2. 4. •. 3Zi:V-Ci>J:i,K fcfc 
MI SFET©<l!^K:J:»3|igSI*flai*tf^c5**ilB 
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[0141] c<Dcfc^tc. :^mmm<D^iMm'&mmt> 
[0142] ^cfc. 5^s:^?fJ^scDiigia$lJ^aIfflal;^JI5Il^g^c 

M I SFETiLrH. N^ + ^JUSM I S F E T*ffl 
[0143] ftfc. *S«fe?gSS©PfP9*II8Pfflffi:t»@8S{C 10 

t>6nft:Pipi*fliaiaji4is^-5Js-^«:». ^a-'^^^i-i? 
[0144] (^6 omi&mm) :$:^mom6<Dmmm 

[0 14 51 sr. ^mtstirti3i^> 

[01461 'XiC, m2<0imit. an^acC-^^Sil 20 

[ 0 1 4 7 ] ^ ur. 113 ©#®itt. *^nSlg±©M# 

[0 1 4 8 1 WiC. 04©i^». a:^aijS€rS±ifr 
ifcjt)0«SKS±ifSfl®lilK6 1 Asswen/c^-r* 
4. 

[ 0 1 4 9 1 a 9 **W©» 6 ©UStJ^SSfc^SPg 30 
[0150] i5]0K:^-r<l; 2|s*igji5,^©Ftia$iJiaj 

4 • 8 • 1 6|iiM«:Sf|®Jt-SfcJ!?>©U-ffllI|!glS*'l{aiIil^ 

5 9 o-(!liJPiSI*fl®I5Ii{S5 9 k:«*»SEV s t 1 * 
eMi&T-5«:»©n-ffJ*l^>h5-5-SP5 5i. 

(HIGH) ffliMSSffl:'3gP*WL. 4 • 8 • 1 6~6 4|5giSI 

*iJ9Pi5iK6 o-BLi^mmii-fwrn^Q 1 (c-en-etis 

mmEVs t 2*fli^&-r-5./c^!)©>'^'fM;<7^>^ 5^- 

suset. 7=^;^7"u-riiJ©y-;^«^5 8(cs^$ 
nftiSlR-:/ y ^ -f -S^fOfflllilgS 6 2 i t,> 4. 

[0 15 1] Sfc. 09-c{iffiiis<t3nr^f^snri>^ 

^-g|55 6»^t(c3i8^*tr>r*j»). -en-^ni? 

m^iS) ». ^n-eni1-g|J©S!a«:6 3 a. 6 3bCcS 50 
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[01 5 2 1 S/c. ffl:tJg|56 4A>6»Ci-i!|mS£a:^ 
angsse l*i6©W;bliffi*ittlStSn/icmife3!»S7=-*x:/ 

[0153] WTK:. :**ifeJg!!g©|igPI©l®fflai*Ill« 
©#SSiccoi,*rgiH^-r^. /c?cL. S±if|Bi8SK:ot,»-c 
©mB^li. fg©jQfeJi58|f4f)^j:^. 

[0 154] -tj\y>V^^-^<Opmt- 
3!7U> h 5 ^-@K©^SSSE!|#tt=&*IIJ#-rSfc«>«:». 
^t3i©miE#tj&^tcs^s nfc 5 7- h 7 a?©® 

mE«l&ill«:*jWi«m^T©i^lB**:^*<<cS*» 

[0155] mmm^m<o^mumm\ii-^m^ 

tt, aiI|g«iffl©PglS*il®fflHi;^lI8S<t|i]«K:^<©Hi 
;^j*=^L/r*jf), ^ife?g®,©F§ia$fl©fflW;^JlilSS©ffi 

urns.. R im • G (igi) • B (») ©-fes/co 1 

7 6a:^-c. ^H-5 2 8m:^-c*s. C©17 6ffl:*)tC 

«IC.T-S:*7U> h 5 7-CCJtM©^E^i^*^6miS^ 

E%fi»s-r-st*'5i. m:*jtsgsra©«?>-^t**^o* 
?:ii»n3-y-titfts»m8£*iitt)n-r-5:^£i&. iaa°n©t4tg<i: 

[ 0 1 5 6 ] 0 7 3 ja^WlU /c«^©^l5 

[0 1 5 7 ] l^0U:7S-r<J:^(c. ISlS*U>h5^- 
(II^^S5 5 a) ©^«1«. *U>h 5^-lilK{C 
J:"? 1 6<@©l^2®*U>h5-7- (-T-SSSaaB 5 b) 
{C3tf-Sn-5. ^agSiS5 5 b©mSSfiifc. 

*U>f- s^-HKfCJ:!? 1 Hl©03e*U> b 5^ 
- (%Sjj£af5 5c) tcaf-Sn-S, C©J;^CCL. 
S©®*U>h5^-*«fiS-riMI SFET«C 

fiSfcj: 0 . mmmmb 5 a©as£fii«. 1 b x 1 1 = 1 
7 6<i©sm^?!a5 5 ctceasnscitc^cs. c© 

/7U> h 5-7-Sl5©^E£CCJ;n«. ^mij£®5 5a©^ 
SEffl^aSI 1 7 6M©^.^?SjS5 5 c (ciS^'T'Sli^J; 
0 ^mijS®5 5 cipt^<Dtiit}MMU<Dlth^%ifl'> 

[01581 3ti^3i7^!lg©FglS$0fPlllfl:^|5II%». ±i£ 

©sa^jiS©^©^* u> h 5 ^-a5i&m-ci>.5© 

s t 1 . V s t 2©«6-^#*5/h3 < a-oXl^i. ■?■© 
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[0159] * U> h 5 ^ 3 S«± 

[0160] - TffliEK:*f-r^>KOiffi*- 

[0 1 6 1 ] S8«. ss£igi6ffl©F§Pisaiaiffla:^3iHi8S 
[0162] mmmm<D^mummtiit}M^icisi.>x 

■rnscij&s&ofc. 20 
[0164] :^mm^i^'^*^Mmmmtimmci&\,^x 

1 ~ 1 6 pg^* r **!t-c*iJffli-c * S P -ffliJPiP$(l 
iailPlK5 9 3&>'=>©m:^^»Hi:*7SB6 4*>*=.^Ka:t>$ 30 

4. 8. 16. 3 2. QAfs^^fm-c^^^^-im 
mmnum^Q o*>6©W:^mi)K». i ei^ia^rM^-s 

[0165] -eoife*. m:^ss!E©!m4«ia8itiec$^ai 

«SJgSE©{?!lT». pgiau'^;u-Ui;^jS^!HFtti'^7©{« 
#«. 16 PgPIWT-r 1 0 n A/PgPI. 1 6 ?:)6ii 6 4 
|igp|S-C*t4 0 nA/KIHiJiCo-Ct,*^. 
[0 166] CCr. Ci-ffllJPilS$IJfflIlHlK5 9Ri:)f^^-^ 
f9JBS$ll®lHlSS 6 0 41©;^ -f 9^lii!S©* > • 7 W. 40 
T^-d'^SiigifS. 2S^--»^*^Lt:EnJni3tiSrffliE 
*lJffllfi#G 0 ~ G 1 3SiCfiB»7^- f D 0 ~ D 5 (C J: o r 

[0167] ctiK J: 0 . 3|^JSJgSS©KP*ilSPfflW:^ 

[0168] C©J: 5 3:crffliE©*t«*^^0 6ti/c*^ 
J6J^jS©|igia*flS!P^W:ft@K». ««SELA:t^-ca<«l 
L-?>L E Dfj:i-©^m-T^*ffltr^/c^S^S|g{cmi-» 



2003-283267 
34 

[0169] i&*J. m 9 -CK. 1 fe©*©mS£iBSJ)ffl© 

^mmm^tsm^<om^7rii^fcifi. ^el. mie 

L, LED^j:i'©^#^-CK. R. G, B©feC<tK: 
T«Ftt3{i^^^5:'S©-c. R. G. B©#fe©tH:^K:*tiyr 

[0170] ^f*J. *^J^^©PgP*IJSPffla:'3leIKt? 
». St»K:S^t'5l[ifig!NH4?:W-r^;<7U> I- 5^-gi5© 

[0171] -jl!R:/y5^i'-i^*Ja)llS8- 
S2 4K:^-rJ:^K:, fl^E L/^•^;^•r^i. m«{SS 

«:©-'%'* Ji'-cw. >'^•*;^*»p>FgiBS^l^^llffl^i 

:^jIslSSffl'JK:f|*jxt?mijSl . -rntf, tftr 

i>*WtaEL«-?-{C^j:^#^c®^*ii^ti.5/cis<). WtiEL 

^^©»K*iiS<«ci. c©i#. efej&sa^stis. 

[0 172]j|*«:. TFT©FU'-f>mBE*l«<-r^ 

^. C©i*. FU-f>SE*«<-r5fc«)tc». V- 
xm-^S5 8©SflL«.'-«4<-JU©flfiSfifill*-C±»S-l*4 

[0173] l/A^l/. y>'^;l'©{s-^^{c»:;*^*^c^S 

(ga;t«'J'>'J=3>©^ittief«i'U=' 
>fflSJ: 0 «> 1 *ff<S< . mSS£tM;^j*i/h$o»©t?. 

[0174] mij£tE:^*K#-r^/c2«>«:»TFT©w/ 
Lit*;*c^<-rn«<fci,^*5. iii^tti©TFT«»^ili^ 

^ >«L u ©iaa^*jfiT 1/ * 5 i i» ^ =RR^3&*^ 

[0175] <Lti^m^-tifcih. :mm^^h\tmi 
<mm. mwmma*'' 6 5^ + -z^^^ju ^> c i i u 

fc. -r^c*5%, V-Xfi#ia5 8©tF*SS*-^FBl 
*j(tmL. eS;l<Ut";3>©^S£t6:^%ffl^/c8«)©S 

[ 0 1 7 6 ] 0 1 0 K, *iy6j^s©p§iasiJSPfflffi:^)isi 

[0177] iBl^tcj^-TJ: ^K. 
tR:?"y5'f-5^|5I8S6 2 aK. N^^ + ^^l'^M I S F E 
T7 0 aiP^i'^^l'SM I SFET7 0bi*>6^fiS 
S*l/ch^>>^:7r-y-h7 0i. tH;'3gP3liNf^ * 
^l/^M I S FET7 0 a©y- A:^ 
giJ*sp^ + *^l'aM I SF ET7 0 b©y- hmSCC^ 



(19) 

3S 

y- ¥7.7 'S:ftLxfsmmwmmo>mt}^ic^^tix 

m^it. NOR08S7 4<!:. OR(iISS7 5<b, jlJR^'J 
ANDBK7 6 6*WL'TI,>4, Cti^^jSJR:^ 

[0179] :immm^icisVt^miR-:f'J 
3llR:/i;5^t-5^*iJ1SSlHlK6 2«:$iJffll$n-5.. ctifcJ: 

[0 1 8 0] -enwii-owiaKitt. h5>>^7T-y- 20 
[0181] *?t. m^-:^v^^--i^mmm&e zrz^ 

^/jNSt,>>'N-*;i'K:*ji>-cMi!:<cS:*7r^ft«:«i^s c ij&s 

[0182] ^C*i. MViy' 5^ + -i^*fliSIllK6 2RO' 

SIR:?" y ^ + - 5^088 6 2a im^tcmsmmmm:fjm 30 

[0183] jIIR-T"'; 5=- ■i'-i^*IJ®ll8S6 2RCK 

mVi^')^*- S^BBS 6 2a <Z>±ffi©tStl». O -(W* 
U>F5^-g|J5 5. -'N-l'ffliJ*U>h S^-SPB 6©W 

3SjR:/y^-i'-i^2BiiaK6 2Rc;aiR:>'y 
[0 1 8 4 ] Ajfc. :^:mMBm<Dmmfmmmt!mKic ao 

fflllHlSS 6 2 RO'jltRT' y 5^ f - i^lHlSS 6 2 a *li;*.T(,^ 

[0185] (.m7 (Dmamm ^^wodi^ 7 ©«sfijg 
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•2.. 

[ 0 1 8 6 ] a 1 1 :4:%W©II6 

•3. 01 2». :^^m<r>m7 (ommmmimz^mm^ 

1. 01 2©F!<!:fe2BfiBl^*ffll>/cU'f r-i^ 

[0187] m9mmm<Dm) f ^ ^-m*. 

mm-r^^-Sj&s. >'<*JKDaig^gi5©1^-f X^/hS < L/. 
*jU-!^-< X©ffi/h%SSfc««>K:. llfS©/jNMS^t»«S 

[ 0 1 8 8 ] 0 1 1 Rzm 1 2 iciik-rmmmmmm:f3M 

8Sr». a-^iI*^>^5^-a5©^^ (®2g) ^asi 
L C C S i -Y fflljjt; U > h 5 7 -SP©^F^IiS£iSH C C S 

i*niffl*i&D. -en*sR (^) g m) m. b 

^ni i:*:-r-^©t3-ffliJfiS&W:'3liIiSLDRV{ctajAio 

CS©3ii6«. ^ti-eni l:*:•r':><D>'^-f^llJmS£ai:^liI 
8SHDRVK:[Sj*ir>TiaK*S5iUfrt»-5. 3 o- 
fi!!lSSfem:^|5IKL D R VRCX^^ fl!(l«iSffl:^J|5Ii»H D R 
V 6 Wi|K:m;t)*i)®EIlS O C T L ccr^i*> o riH«3&J!S 

[0l8 9]cc-c. n-fflijmiStH:^j|DiKLDRV{c 
W. 0 9 icfrrf a -H* u > h 5 ^ -gp5 5 ©asSfegg 

g£l±J;tJleI!SHDRVK«. ■'N-Tdl^U^ h 5 5-855 6 

Sfc. [a;^7M®lHl?SOCTL(ci*. W:^§ii6 4&tJt 

[0 19 0] 01 IKth-TJc^K:. U'fT'?h©##t^ 
-C«. P-mi5Sffl;t)lHlSSLDRV, >'^'f^IIJmSKa:t^li| 
gSHDRVRUfia**«J®iaSSOCTL». 0©^iiJ3!>^6 
JiitCR. G. B. R. G. B-©JlBK:iea$tl-CC>-S. 

cou-fr-fhtcjcnw, 01 1 i^7jk-r^mo±m.-c^ 

[0191] CtltCjttL-. mi 2tC^R-r<fc^K. 2t^JS 
G>^^®LCGS^>'^'^^|lJ*^>^ 5-7-SP©^^^fife 

ititH c c s © 1 i&icmms tifiL9^m:h^^ t mtimm 

:^7|5I3SLDRV, >'^■Yfi|lJ^SS£m;^liISSHDRVSU^ai:^J 
ftllffilSKOCTLttvhy -^^>;^(^{ciBa$n. uritf 
*Sa-ffl!l^S£ffl:^|51^LDRV> S2^f*S''^'C^SImS£a 
:;t)15ISSHDRV. •€-L/T»3tf3&*a:^3*«ailHll^OCTL 
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[0 19 2] CtDcfc^^fU-fr-t' hKcfcO. 01 ItC^ 
[0193] fi*S. Bl 1 2 (CtJRfflO^KOlsT^U/fc 

[ 0 1 9 4 ] 0 1 3 «, :^mmmm(of^mmmmm:f]^ 
K(Dmt>mmmmi:^-r^im-v3(,i>, lo 

[0 1 9 5 ] IHSlCTnTi^fc^ :*:||!S?K^,©U'<T'? 
KOCTL©Ul:tiaJ ( I OUT 1—11) fpfb^^^^:^ 

;i"^©m:^j^^^-c©i^©?i*i5iL.». ±M<Dm^m 
[0 19 6] LfpLUifiib. :^mm^m(Dmmfmmm 

2: mi&i^c-5-CI,^5©iC?tL. a:^jflJiailS15i»^-'N- 
*;l"-v©Hi:^;jgl^i»l : lMJt^OX^,^i>fcit>. ;t;U> 20 

[0 19 7] C©fcJe). rMiE©5t«){c3o«±©mSK 
m:^Iil88«:^W2.1i^. *:|?ife}f5Sg©Ftfi$lJiSPfflUi:t)I51 

■r $ 6{c^&*e<)K:iB^M«©Mffl^rffiM-r 5 C i *J-c # 

[0 1 98] ^c*5. *5lte?^^K:*jt>r». io©3KS 
SajStC?* 1 7 6 Ul:^J-C. 1 -P©5=- -y y^^tc D R. G> 
B*^*5l*n 76X3 = 52 8 30 

[0 199] */c. pgia$oa)fflHi*i5iss*5*^-r^y> 
[0200] ims ©nifejg^) ^^m<Dm s ©^?g 

^iUr. »5©IISS?^S|-C|ft|iLfc^*0®@^5 1 
©U-fy;? hAS5Sc^$nft:t^K:-DI,>T3iig-r5. C©U 40 
-fr-^htt. Sf6©lliSJ15^K:*stt-5n-iil|5giS$(jffl]iD| 
9SlC^>'^'r^||JPiia^^l®Ielssoc-:>t^■r^>jgffl3n■5» 
[0 20 1 ] lai 4 (a) . ( b ) -g-n-enptiaso 
tiiPi5iK©«gE*^-r@K0. Rat^gi$!i®@K© u 

[0 20 2] 014 (a) «:^-rJ;^«:. H6(c>j^TPi 

^^l/^M I S F ET*i6«RS3nitaiK©* U> h 5 -5 
-g|55 2<t. S*t->h5 7"a55 2{cSigl3n. U 
>h57-gP5 2i|5llK©SJR;^-rf ^'SSiJ&^eiffiR 50 
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JI/MMI SFETiN5^-*'*;l'MMI SFET3!pe>«fiS 
3iafch^>>^7T-^i'-h49<!:. -r>/-«-5f50<!: 

[0 20 3] c ©tH:^ii2*IK:«. ±x(DmiR:^ ■< y=9-b 

;tjE^©-^>fc:-^^>^*Ttf*c<t«. lii^mm<om 

[0 2 0 4] Sfc. 014 (b) iC7K-rJ:^(c« FgtS$lJ 

52 (CM). b^>;^:7r-y-f-49 (TG) . -f 
>^-?-5'5 0 (IN) ©SgPCifCftfe-Clflg-r-Sfc© 
T^S. C©U^T«? h«:J:n«. ^ia$i|iai@SS5 l ?r 
*ffl{kLfc^|£Ji(*^ V ^©T^fiigJffiStXS^x 

[0 2 0 5] LA^Lfj:ifih. C ©#^M© U T h (C 
J:ntf. 014 (b) *^6«>:^*i-5J:^tc. |5igS0ic*j 

lES&ffl -^<'^•©lti»iKmmSat?*S©t?. mtfWi^ 
tm::micmffi ^5€Si3«©#?SEtc <fc O . Hi:^iB^©iH 

itm <fj:*j. fsmmmm^ 5 1 (omtj ^ > f - w 

[0206] ^C-C. *1^BB«^6«> IHI8SKS©3S:# 

[ 0 2 0 7 ] 0 1 5 ( a ) «. PglS$IIfflI[HlSS©i«^=S-n^ 
■ri5IJS0 (014 (a) ipIO) . IS10 (b) 

pisij®n5i8S©U'fT'? h©##m«BSfl«j{cin-r0 (0 

1 4 (b) ii^c) . P0 (c) a. :tmmmmt,cmi 

■ PiiSSflfflllHiSS© U -r T F *fitBSfi«)K:^-r0-C*-5. 

[O2O8]015 (c) cc^-r J:^k:. ^^feStJ^iS© 
ieSi*lJ®IlilBS©l'-rT'^ *U>h5^-giJ5 2 

<t. -€-nK:«i6^3n/£:h^>xr»T-y-h4 9ayf-r 

jStcSeo-C— 3?ijK:i5gsn.5«>©T*S. -r^cto^. * 
u>h5-7-giJ5 2<t. -e-ntcs^sn/c h^>x7T 

— f-h4 9&af-r>/^-4'5 0©Si*0=S: rpiia^ 

fisspj ii^Ai-rsi. ^»^^©pg^l4RSg|5*i— 
5>J^c^gg 3 n -5) jgtc aj: o -c » s . 
[0 20 9] *lliSJfJS©|!§iS*iJfflilHisg© u^r^vvz 

J:ntf. 0K^fi£tcfie-5TS^^-3!)iiBS3ti-C(,>6© 

015 (b) {Cn^-rJ:5&7i:SftiBII*^DSC<i: 
ms:i.K cn^cj:!?. P§peM®lHl88©Ul;'3i2ll©iI'a'S:J2; 
ifr. ptiB*i)iSiHlK©a;*3-r>f-^>;x4{^-r-sc 

[02 10] S/ii. 5T:S%iaii«:SS<^Ct*Sf*^© 

■c. ie^®a^ffi?«-r-5ci!>i-c#-5©-c. pgissijffliini 
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[0211] :^m&Bl!k<Df§mf^mM^<DU^r 
Kfhit. M I S F E TCDy- F iH/^- h &<Dm^^ 
S c i k: cfc o T 1119*11® * ^f 5 f ^©pgilSliaiaiSK: 

[0 2 12] (^9©|QSJg^) 

h^;^ hias*s*5. 10 

[0 2 13] tic:>=iyv^:^vmm^^r^fc&<Dm 

Ko~K 1 i^iixjumf^mmmsme oRcfa-flw 
[0214] fi^a^tf . me (ommmmicmirmmmm 

mstJilJSCcfclir. Cl©^*{S±tf*i|®liI!S3!)>i=><D^± 

[0215] Lti^vrj:A^p>. mt>nm.<Dn±''-fit. pgia 

9iC7jk-rmms±iifumm^6 lit. j^-imfs^^m 
oi#tji<^)>'^-^ffllA'^> h s ^-SP5 eicgigs^n 

[0216]S16(a). ( b ) -en^tlREI 

( b ) iC7n-rv§mmwimtiitiMm<Dnmm - psis u-^-'v 

[0217] @g;s^;^@ 1 6 t,c7nrF§mmmmm:fjM^ 
[0218] -:m:mj^m<D^mmmmm:bm^- 

[0219] i^cte. *^Jg^©P§IS*iJffllfflm:blHl8S 
^Ci'tCffllri^tlS. 40 

[0220] ^mmBm(D?^mmmmiiitiMmt. mt) 

Si56 4{cS^3n/tP-«iJPtia*IJ®I|Hl8§5 9i. P-ffl 
|i§iSSll®lHllS5 gtcait^BEV s t 1 *«^-r€./csbCD 

SPS 5 <!: a-ffliJ|tiSflIffll|5ISS5 9 t<DriiicWLii ^btitcM 
iK$ti/cStR:?'';3' + -i^S(IISIsl8g6 2<i:*«;iTt^ 50 
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•5. 

[ 0 2 2 1 ] 0 1 7 iCmtJz 5 CC. m^?S±lf$IJiailBl8S 

6 6». -en-en HI. 2ii©*u>h5 9-*^f -s 

[0222] C ©fiiSS5S±lf $«®|5IK 6 6 «. O -flW|ig 
^*iJffll@8S5 9<ba<K©«fi£*WL/Tl»S/cJ?>. 

QRvm 16(b) «:7K^|iiiBftiI«BifflW:t»lHl8SK:Jt-« 

[0223] /ifc, :*:|a60SlK:*jW-5Si3S5?S±lf$IJia) 
Bgg 6 6 *5«±tf ^:^f 5 ©». a -fiWPglB^iJPlHlSS 5 9 

[0224] c©<i: ^» tc. ^mm^(D^mpmmmfj 

[0 22 51 (HI 0©SljiJgSS) *IMB©»1 0®^ 

mmtim^ (si!Klg«pfflF^-^/^•) ©«^iia4Siwr 
[0226] ^w3smiTS.icm^.^t;>*i^fsv^mim\ikt} 

I5IS§©lFi^^/c«?©mSfe«l 0 nA~2 0 nAt?* 

©fc*. iigpi*iHaifflm:*3iiiss*»e.ffi:^3ns»/jN«ctfefi 

[0 22 7] cn%JS?9l-r-Sfc««>. *IH^I9«6». Sft 

[O228]018(a). (b)W. ^n^nmjjSK 
«ifl9©P§iSI*lHaifflm:^15IIS*t^^-r 4 fc*©3*:^Bj©H 

1 O©||ifeJg§IK:«^-2.7-n-r^*-F*^n-r»r®0, R 

[O229]018(a). ( b ) K^-Tcfc •5{c. *|| 
SfeJ^,^©:/P-:?';*7- K«. ±ffi*5*iS*7"^f -7 9 
K:^aBJtl^caS7 Si. S«7 8©TB±«:S:W6 
n. ^tt:*»6^cSyn-:/8 3<!:. S«7 8±©. ZfU 

^8 3«:Si^3n/cjSffiS©fi$i»8 8t. fflcia<*8 8 

(cSiKsn. ««7 8*mfflLri9:we>nA:Eiai*(S 

[0 2 3 0] M*l3c'i7J^>'^8 2±K:«. 

Sffi©>»\-2, K8 7 (*fc«>'^>7') F8 7K:S 
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[0 23 1 ] iH#*7-:^^-7 i!6«laE'?i>'^8 2 

[0232] ;X(c. *|iaj^®©:^D-:/*- K*fflC» 
[0 23 3 ] S-r, *^SB#lc»7'P->^*- F7 8?:4£ 

V K8 7{CA:^-rS. 

[0 234] ^^jtc. A:^ l^/cmsSE^cf&l;i'!:m^«■^*i-'^• 
K8 7*»6:/a-:?'8 3«:eiS3n5. C®^. 01 
8 (b) K^-Ti^tc, 7'a-::/8 SCBJaKiegsn 
fcffitai* 8 0 K: J: «3 «t*IS i ■'^ 8 2 3&i 6 ©^ft-^B 

K7 8©S!^8 6-^g?ig^iEi^8 5-?'0n^6^cl>?&*^% 
igr*»ft:7-;^>-7 Qtcessns. 
[ 0 2 3 5 ] ;xcc. ^*(*^x^-7 9K:A:^3nfcm 

3>-'<U-if©giffllA:tjSIJ(cA*3n. Bfje 20 

[0 236] — Mtc. flEfi-^«. miS(i#(clt'^-ce 

-r^:«7- KfC*iCi-C«. fet^'t>x>'%8 2*»6©mit<i 

S!n«J8 0K:j:oT«EE<t#tc^fSC<k-C> 
t*t^^■i'x>'^*^6©«#*¥*«:7"X3^-7 DtCj^tc 
eaSi*-5C:i*J-C#-5, /c/cL. *SliS?gSI©:7'n- 
:/i!?-FK:*iC»-C. «!n:»8 0i&a*<a-^©igiSW. 30 
>h--:5''>X*^A#<.J/c*. i1-a^'fX©^g>&Slt^c 

[0 237] :4:SQ6J^)S©:^i3-:?'*-FK:tec» 
7"n-::^8 3ia!n»8 0i©^i§i«, 1 0 cmfi 

aaa#8 0t©ra©!S^:A:#<rj:ip-rtPSi. ffita* 
[0238] */c. CCr^L/c7"0-:/*-FW, 5^ 

5»:/c•i{c■^x-'^*tfeac•r4^''r:^©^>©r*^*^ •> 40 

x>'\/<->^>ffi©7'a--:/*- F-C$>^Tfc, :/P- 
:/©ffiaK:iftfSS©SSi(**^W -5 c i f. KIBfiJiaiffl 

[0 239] s:/c. wm.^3./^t\^'c\t.. ^f§^w&m 

«g*Wr ■5@8S*i^l:t en/c-^ x/^•cabtl«Plfil©*ll 
tSJgSg©ya-r/'*- Ft?*aE-rSCi3&J-C#-S. 
[0 24 0] :$^?gJS©:^n-:/*-FCcieg 
$n-5ffitJi«:8 8<!:U-C«. *a{b$*i/cfc©*fflt,>r 
*>J:t,i. 50 
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[024 1] (^11 aymsfm') m i o ©siss^mjc 

filS:?'a-:?'^-F*ffli»S«iaEK:*j(,>r. ^^m-r-t* 

t£i>tLLifi^i>. cn*iSW-S/c*. 

- r*-* - F ©«Jii& 5 6 tc?ft«t- S c i O 

[ 0 2 4 2 ] a 1 9 «. 1 1 ©llifiJ^.^K^ 

[0243] *^JKSI©:7'a-:/*- F«. »S7 8 

a«7 8©Tii±tcai:te>n/c7"ci-:/8 3 a 
ffi7 8©Taa±©5^« 7'p-:/8 3©ii:atcKS3n 

/clS*SS-ejgenffi3&iS:S3n/cS!al*8 0i. S«7 8 

©Tffi±fCSW6n. Ui:*jS|5tCjSlnf*8 0©— A 

pjA;^SB{cS5i*8 0©fiSg*!^n^nSi^3tifc=i> 
/<u-d»8 li. ««7 8*eaiura:we.n/tiBi® 

©iEffiiJA:^jS|JtC«. *ISB$tCiii*ft7^;<i?-7 9*>6>» 

A:^-f >K'-^'>;<*iiisc»fe©3i«W*o<ffli/»6n 

[0244] ^mkmrn^n-rft!-- FK:«. Stitft: 

8o-c:a«S3n. wss^Khmcwms.mmfixhz 
ii.tc:t^r>^8 i^mri^s. :gJSS3tifc:i--^T 
>:/8 l©iEfflIA*g|5K:A^$nfcmiE©*iJf# (m;t)S 
ffi) / <A:^7SE> S!r[«:8 0©«®m-C^**© 

■c. A:^jsn/cm#m)E©Atf5Kr&i;r»iii^)Ht# 

*^^-5C<t-r, «-^mBE©®ffl>&*»i*7-;^^-7 9 
©n U- 3?©g!lSoJfi|ffiHF«3{CJUd&S C tiii-C^ 
■5. :R«tW{C». tt«|3E'>x/^8 2*>6©ft#S«E*s*i 
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